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EXECUTIVE SUMMARY 

This document presents the mvestigatwe findmgs of the Subsurface lnterlm Measures/Interm 
Remedial Amon PlanEnvironmental Assessment and Decision Document (IM/IRAP/EA) for 
Operable Umt No 2 (OU2) dated September 10 1992 for the Soil Vapor Survey (SVS) at the Roclry 
Flats Plant (RFP) The scope of the program is presented m the OU2 Subsurface IM/IRA SVS 
Work Plan dated January 1993 herem referred to as the Fmal Work Plan The SVS work is part 
of a comprehensive phased program of site charactermon remedial mvemgahons feasibility 
studies and remedial/corremve acnons m progress to address contammmn existmg withm the 
Individual Hazardous Substance Sites (IHHS) at OU2 The OU2 Subsurface program addresses 
removal of residual volmle orgamc compound (VOC) vapor phase con-on suspected m the 
unsaturated vadose zone at RFP Soil Vapor Extraon (SVE) technology will be employed to affect 
the VOC s at three selected sites and sm phase heatmg technology will be employed at one or more 
of the sites to enhance the vapor removal These activitm are m support of the Interagency 
Agreement (IAG) generated and signed by the Department of Energy (DOE) Envmnmental 
Promaon Agency @PA) and the Colorado Department of Health (CDH) establishmg milestones and 
schedules for environmental cleanup at RFP 

OU2 at the RFP is defrned m the IAG as an area comprised of 20 IHSS s that are known in 
aggregate as the 903 pad Mound and East Trenches Areas This results presented withm this 
report are of the phased SVS mvesogations completed at five IHSS s located withm OU2 The data 
and fmdings generated fiom the OU2 SVS investigmons will be used to idenow pilot testmg 
locations within the selected IHSS s for SVE and SIX phase heatmg technologies 

The SVS work was divided mto two phases The first phase of the work focused on generatmg 
baselme data at three pnmary OU2 sltes IHSS s 112 113 and 110 The second phase of work 
focused on generatmg baselm SVS data at two additional alternate sltes (IHSS s 109 and 11 1 1) and 
generating supplemental data at each of the five IHSS s These two phases were referred to as the 
Baselme and Demled SVS surveys The analytes tested for were 1 1 Dichloroethane (1 1 DCA) 
Carbon Tetrachlonde (CCI,) Trichloroethene (TCE) and Tetrachlomthene (PCE) 

The results from the Baselm and Demled SVS mvestigations conducted durmg this work mdicate 
the majority of the VOC contammatton wthm the areas tested at OU2 as bemg located wthm five 
contammoon areas and the detected analytes were mostly TCE and PCE Of the 189 pomts that 
were sampled approxtmately 52 percent resulted m Total VOC values greater than 20 u g L  and 16 
of the Total VOC values were above 1 OOO ug/L The highest value recorded was 32 400 ug/L of 
PCE at a depth of 10-feet (Sample ID No 113 39) located inside the eastern boundary of IHSS 113 
The correspondmg Total VOC value was 35 712 ug/L The greatest percentage of Total VOC 
sample detecnons above 1 OOO ug/L occurred at IHSS 111 1 
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The highest concentrmon sample locauons withm OU2 is as follows 

e IHSS 110-23 690 ug/L PCE and 410 ug/L CCl, Depth 10-feet 
e IHSS 109-4 1 400 ug/L TCE Depth 5 feet 
a IHSS 111 1 19 4 OOO ug/L PCE and 1 670 ug/L TCE Depth 5 feet 
0 IHSS 112 27 OOO PCE Depth 5 feet 
e IHSS 113 Two locations 

- 
- 113 38 6 300 ug/L PCE and 2 600 ug/L TCE Depth 10-feet 

113 39 32 400 ug/L PCE and 3 300 ug/L TCE Depth 10-feet 

In addition to the above SVS work was also completed and is reported m this document for OU1 
IHSS 119 1 The analytes tested were 1 1 DCA CCI, TCE PCE 1 1 Dichloroethene (1 1 DCE) 
and Toluene Of the 30 locations tested 
approxlmately 23 percent resulted m Total VOC values greater then 20 ug/L and three of the Total 
VOC values were above 100 ug/L Sample ID No 119 1 20 reported 132 ug/L of TCE and 66 ug/L 
of 1 1 DCA and represents the location of the highest contarmnatron recorded by this actwity 

Little or no contarmnatlon was found at IHSS 119 1 
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1 0  INTRODUCIlON 

This document presents the mvesugative findings of the Subsurface Interun MeasuredInterim 

Remedial Action PlanEnvltonmental Assessment and Decision Document (IM/IRAP/EA) of the 

Operable Urut No 2 (OU2) Soil Vapor Survey at the Rocky Flats Plant (RFP) The scope of the 

IRAPEA OU2 Soil Vapor Survey (SVS) Program is presented m the OU2 Subsurface IM/IRA SVS 

Work Plan dated January 1993 herem referred to as the Fmal Work Plan The data and findings 

generated from the SVS mvesbgations conducted at the Rocky Flats Plant will be used m conjunction 

with Phase I1 Remedial Investigauon (RI) data for selectmg Individual Hazardous Substance Sites 

(IHSS s) and lo-g Soil Vapor Extraction (SVE) pilot testmg locabons withm selected IHSS s to 
undergo SVE remedy 

Seaon 1 of this report provides a descriptive background of the SVS IRA Program and identifies 

the SVS objectives and Data Quality Objectives associated with the SVS IRA Program 

Section 2 of this report deals the SVS program approach mciudurg mvestigative procedures 

-equipment and materials utillzed and presents the SVS anaiyt~cal results for each of the five OU2 

IHSS s investigated 

Section 3 of this report presents conclusions and recommendmons based on the OU2 SVS 
investigative results 

Section 4 of this report dmls and discusses the approach and results of the OU1 IHSS 119 1 
Baselme SVS 

1 1 Site Locatron And Background 

OU2 at the Rocky Flats Plant is defined in the Federal Facility Agreement and Consent Order 

(FFACO) otherwise known as the Inter Agency Agreement (IAG) as an area comprised of 20 
IHSS s that are known m aggregate as the 903 Pad Mound and East Trenches Areas These areas 
are located east southeast of the RFP and lie wthm either the Woman Creek or South Walnut Creek 

dramage basins 
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The prunary sites for the SVS Program have been identified m the Fml Work Plan as the 903 Pad 
(IHSS 112) the Mound Area (IHSS 113) and the East Trenches Area (IHSS 110) Additlonal 

alternate SVS sites that were mvestigated withm OU2 mcluded IHSS 109 and IHSS 11 1 1 (see Figure 

1 1) 

1 2 OU2 Subsurface I M A M  SVS and SVE Program Descllpt~on 

The OU2 Subsurface IM/IRAP is part of a comprehensive phased program of site charactermion 
remedial mvesugabons feasibility studies and remedial/comcUve mons m progress to address 

contarmnatlon associated with RFP The amvities are pursuant to the Rocky Flats IAG developed 

between the Department of Energy (DOE) Envuonmental Protecuon Astncy @PA) and the 

Colorado Department of Health (CDH) The OU2 Subsurface IM/IRAP/EA Document addresses 

removal of residual free phase volatlle organic compound (VOC) contarmnmon suspected III the 

unsaturated subsurface of OU 2 at RF'P The proposed demonstratlon of VOC removal actions 
involve pilot testmg SVE/&phase heating technology at three different hydrogeologic settutgs withm 

OU2 The precise locatlons for pilot testmg the SVE systems are to be d e t c d  from the Phase 
-II Remedial Investigation (RI) data and results of the SVS mvestigations presented herem 

1.2.1 so 11 Vapor Survev Biect iveg 

The purpose of the SVS mvestlgations were to collect and analyze soil vapor samples m order to map 

the concentrauon and distribution of volaule orgmc compound (VOC) contamrnaton m soil vapor 
at selected IHSS s that were scheduled for potentlal pilot testmg using the Soil Vapor Extracon 

(SVE) technique 
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J.2.2 Data Objemva 

Project Data Quality Objectives @QO s) have been developed per EPA guidance and have been 

adopted for use for this OU2 SVS Program Specific DQO s mclude the following SIX elements (see 

also Table 3 1 of F~nal Work Plan) 

0 Data UsesIUsers 

0 Data Types 

0 Data Quality 

0 Data Quanhty 

0 Samplmg and analytical approach 

0 PARCC parameters (precision accuracy representatweness completeness and 

comparability) 

Specific criteria correspondmg to the above SIX Data Quality elements that were employed durmg 

the SVS mvestigahons are provided below 

Data UsesNsers Soil gas samples were collected and analyzed m an on site mobile laboratory 

to provide qualitative data on VOC s m the unsaturated zone at each of the 

five IHSS s withm OU2 Data was used to locate areas of elevated VOC s 
and to locate pilot unit vapor extramon wells 

Baselm grab samples of soil gas were collected along established and 

approved mt.~al samplmg grids Deta~led soil gas samples were collected at 

pre approved locations which were designed to expand the Baseline grid or 
increase the grid density at areas exhibitmg elevated VOC concentrauons 

Data Quality 

a) Prioritized data uses 
- 
- 

Location of areas of elevated VOC s 
Locauon of pilot umt vapor extraction wells 
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b) Appropriate analpcal level 

- Level 11 mobile laboratory GC 

c) Mmlmum Analyte List 

- Carbon tetrachloride (CClJ tetrachloroethene (PCE) trichloroethene 

(TCE) and 1 1 Dichloroethane (1 1 DCA) 

d) DetectronLmts 

The miual Baselm SVS mvestigation adopted reprhng units of ug/L For contrnuity and 

data comparability the follow up SVS investigations adopted reportmg umts of ug/L as well 

Mimum detection lmts for the mtial SVS ranged from 1 0 ug/L to 20 ug/L depending on 
the analyte screed for duMg the analysis Mlnunum d e w o n  lmts for the follow up 

SVS showmg equivalent lmts m uruts of part per billion by volume (ppbV) wre as follows 

ComDound Btection Limit 

(ug/L) @PbV 
11 DCA 1 0  304 

TCE 0 1  22 

PCE 0 1  22 
CCla 005 9 6  

The above stated d e m o n  lmts are based on the results of an Instrument Detcmon Lmt (DL) 

exercise performed by the mobile laboratory prior to initiatmg sampling actrvitres The IDL was 
performed accordmg to SW 846 modified for vapors Method 8OOO second edioon Some reporting 

lmts were greater than the rrrrmmum detection lmts listed above This conditron arose when 

potential dilutions of soil vapor samples were carried out by the mobik laboratory dmng analysis 
Dilubons were performed on selected samples m order to keep resultant concentramns withtn the 

linear range of the mstrument calibration curves 
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e Baselme samplmg grid for prlmary sites (119 samples) 
- 
- 
- 

IHSS 112 64 samples (5 foot depth) 

IHSS 113 33 samples (5 foot depth) 

IHSS 110- 22 samples (5 foot depth) 

e Baseline sampling grid for alternate sites (36 samples) 

- IHSS 109 14 samples (5 foot depth) 

- IHSS 111 1 22 samples (5 foot depth) 

e Total of 34 addiuonai Dmled samples at each of the five OU2 IHSS s to expand 

grid or mcrease grrd density on site dependmg on results from Baselm samples 

IHSS 112 8 samples 

7 samples (5 foot depth) 

1 sample (10-foot depth) 

- IHSS 113 17 samples 

4 samples (5 foot depth) 

13 samples (10-foot depth) 

- IHSS 110- 7 samples (10-foot depth) 

- IHSS 111 1 1 sample (5 foot depth) 

- IHSS 109 1 sample (5 foot depth) 

Sampling and analysis approach 

Shallow soil gas samples were collected by insertrng a soil vapor probe to depth of either 5 feet or 
10-feet below grade (see Section 2 1 1 1) Each sample was collected and analyzed for the mnimum 
analyte list presented above wthin two hours from sample collection 

I 
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PARCC parameters 

Recision 

- Field Duplicate f20% RPD 
- 

Accuracy 

Laboratory Replicate analysis f10% RPD 

- Calibration standards f20% RPD 
- Analysis once daly of mdependently prepared gas standard f30% 

RPD 

Representatweness 
- Adherence to 3dmnsional samplmg locatmns and procedures 

specified m Fmal Work Plan 

Completeness 

- Laboratory completeness 95 96 

- Field completeness 9096 

Comparability 
- Adherence to analpcal protocol specified m F d  Work Plan 

PARCC parameter analysis and Quality Control (QC) results for this OU2 SVS Program are 

presented and discussed in Appendlx A of this Document 
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2 0 SOIL VAPOR SURVEY 

2 1 SVS Program Descllphon 

The OU2 Subsurface W E A  Program was unplemented usmg a phased approach The first phase 

of the SVS work focused on recovermg Baseline data at the three prlmary sites Baseline samplmg 

grids were iniually established at each prmary site using staggered rows of grid pomts spaced at 

approxmate 30 foot lntervals which resulted in uniform coverage of the target areas 

The uutd Baselme survey was completed at the three pnmary srtea (IHSS s 112 113 and 110) 
durmg May and June of 1993 This Baselm mvestigatlon encompassed the collecbon and analysis 

of soil vapor from 119 SVS sample locations within the three pnmary IHSS s 

The SVS data generated from the nual  Baseline mvestigation was used to identify potential 

contarmnant areas within the three prmary IHSS s that warranted a more dmled SVS mvestigation 

Addiuonally two alternative test sites known as IHSS 1 1 1  1 and 109 were also evaluated In the 

-second phase of the SVS program additional SVS sample locat~ons were established at the prlmary 

sites at tighter gnd spacmg mtervals m order to further define potenual source areas The samplmg 

approach at the two alternate sites ut~hzed a staggered triangular grid approach at approxunately 30- 
foot spacing intervals 

The second phase of the SVS mvestigmve effort was conducted durmg the months of October and 
November 1993 The second SVS mvemgation encompassed the collechon and analysis of 26 

Deta~led SVS sampIes from the three primary IHSS s and 34 Baselm SVS samples at the two 

alternate IHSS s 

Followmg prellrmnary SVS data reduwn and evalumon from the second mvestigatwe effort 9 

additional Deta~led SVS locations were scheduled to be sampled from the 5 OU2 IHSS s and a 

Baseline SVS mvestigmon comprismg 30 sample l m o n s  was scheduled for IHSS 119 1 located 
wthm OU1 This thud SVS mvestigation was completed dung December 23 1993 through 

January3 1994 
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2.1.1 Methodology 

Site access was arranged through RFP prior to entry mto each IHSS All proposed SVS samplmg 

locations mtially underwent utllity clearance and were surveyed for the presence of radioactive 

contarmnants m accordance with SOP FO 26 Field Radiological Measurements (see also Appenduc 

B) Soil vapor sample collection and analysis by gas chromatograph (GC) proceeded accordmg to 

SOP s OPS GT 09 Soil Gas Samplmg and Analysis and OPS GT 19 Field Gas Chromatographs 

This section presents the methodology employed to mtall soil vapor sample probes purge and 

collect soil vapor from the probes mto samplmg contamers and analyze the collected sample usmg 

gas chromatography durmg the SVS mvmgatlons The precise methods u t l l d  durmg the uutlal 

May June 1993 mvesbgation (herem referred to as the mbal SVS) differ slightly from those 
employed durmg the subsequent October 1993 through January 1994 mvestigatlons (herem referred 
to as the follow up SVS) These differences are described m greater deml in the following sections 

2.1.1.1 Soil V m r  Probe n a n d E  mdaceme nt Dunng the mal SVS soil vapor probes 

The Geoprobe system 

advances probe rods downward usmg hydraulics wth a pneumatrc hammer drive The probes are 

constructed of threaded Cfoot sections of 1 inch outer diameter hardened steel rods equipped with 

a tubing adapter fitting at the upper end and a retractable or expendable drive pomt at the leadmg 

end Sample tubing is attached to the upper probe fittmg to pemt soil vapor samplmg The probe 

strmg is driven to the mtended samplmg depth and the retractable shleld rased to expose the open 
rod for sample access 

- were driven mto the subsurface usmg a van mounted Geoprobe system 

During the follow up SVS investlgatlons an All Terram Vehicle (ATV) Scorpion Rig mounted with 

a hydraulic probe driving system was utillzed for probe emplacement The probe assembly consisted 

of threaded lengths of 1 inch diameter steel rod hction fitted wth an expendable b a d  dnve pomt 

After the probe was driven to the samplmg depth the assembly was rased 2 3 mches to knock the 

drive point away from the probe shaft 
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U1.2 S- Shortly after probe emplacement at each sampllng locatlon sample 

collecuon was imuated SVS sample collection was conducted m all cases by applymg a vacuum to 

the upper probe which mduced vapor flow from depth mto the samplmg system Durmg the mtlal 

SVS mvesugation a diaphragm vacuum pump was actwated at a flow rate of between 0 4-1 0 liters 

per mnute (L/mm) to mitially purge the probe assembly of ambient an pnor to sample collection 

At least one complete system volume was purged from each sample location and vacuum condiuons 

were momtored prior to sample collection Actual vapor flow rates durmg purging and smpling 

varied from sample to sample as a funcuon of soil type and soil permeability 

Sample c o l l a o n  durmg the mual SVS mvolved msertmg a pre-cleaned gas ught hypodenruc 

syrmge equipped with a manual shut-off valve through the sample tubmg at the upper probe end and 

pulling back on the syringe plunger to collect a sample Followmg sample c o l l a o n  the syrmge 

valve was closed off to prevent sample loss and/or dilution with ambient an and the syrmge was 

labelled and transferred to the analytical laboratory for analysis by F d d  GC 

Durmg the follow up SVS activities the sample c o l l a o n  methodology u t i l d  the following 

- procedures Followmg retramon of the probe rod after emplacement a segment of clean tubmg was 

mserted onto a barbed stamless steel fmng which was threaded onto the lower probe collar scaled 

with an O-ring This step effectively removed the probe rod from the samplmg system where soil 
vapor was now sampled and transferred to ground surface duectly through the tubing 

Iruually the probe assembly was purged of at least one complete system volume by connecting the 

sample tubmg to a personal diaphragm samplmg pump Purge and samplmg pump rates varied 

between 0 5 and 1 0 Wmm agam varymg from location to locatton as a funmon of soil type and 

permeability Following purging vapor sample collection was drrected mto 0 5 liter capacity 

precleaned glass bulbs through the sample tubmg The glass bulbs were fitted wth manual shut-off 

valves and an upstream vacuum gauge pem#mg conmuow vacuum momtormg After the sample 

event was complete a disposable gas tight analytical syrmge filled wth sample was mjected mto 

the samplmg bulb to over pressurlze the bulb This step addressed potenUal bulb leakage so that 

if it should occur leakage would be duected outwards and not mwards mward leakage would result 

in sample diluuons Following bulb over pressunzation bulbs were labelled and unmediately 
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forwarded to the on site laboratory for analysis by GC Folbwmg SVS sample collection all holes 

were abandoned as per SOP OPS GT 05 Pluggmg and Abandonment of Boreholes 

2.1.1.3 S w d e  Analvglg Soil vapor samples collected durmg the SVS mvestigations were 
analyzed usmg a Hewlett Packard Model 5890 Series I1 GC eqwpped with a photoiomon detector 

(PID) and electron capture detector (ECD) and capillary column capabilibes Soil vapor samples 

were mtrodud mto the GC by colledmg an aliquot of the vaporous sample into a gas tight 

analyt~cal syringe and dvectly mjectmg the sample through the septum sealed mjectlon port 

All vapor samples were analyzed for the compounds FCE TCE 1 1 DCA and CCI, at a m u m  
usmg modified EPA Method 8010 Additmnal analytes mcludmg vmyl chloride 1 1 Dichloroethene 

(1 1 DCE) cis and trans 1 2 Dichloroethene (1 2 DCE) and 1 2 Dichloroethane (1 2 DCA) were 

analyzed for and quantified durmg the mbal SVS mveshgatron The above listed addibonal analytes 

were quanbfied durmg the follow up SVS mvestigations i f  concenmons were found to be sigruficant 

(eg > 20 micrograms per liter (ug/L)) In these cases the Tentatively Identified Compound 

(T I C ) is identified and reported m units of ug/L The compounds 1 1 DCE and toluene were 
included within the analyte d e m o n  list durmg the SVS mvesbgatron at IHSS 119 1 (see Sectron 4 1) 

The GC was calibrated to specially prepared standards on a 

daly basis as per analytrcal laboratory protocol outlrned m the F i  Work Plan Durlng the mtial 

SVS mvestlgmon liquid methanolic standards were directly mjectad on column to achieve 

calibration In this case detector responses to liquid chemcal standards were u t l l d  to quantify 

soil vapor concentrations In contrast durmg the follow up SVS mvesbmons vaporous chemical 

standards were prepared wthm precleaned glass bulbs After equilibmon the vapor standards were 
then u b l d  to achieve mstrument calibmon permimg a drect vapor standard to soil vapor 

quantitation 

nstrument Cal i b r m  

Throughout each SVS mvesbgatron a four pomt calibrabon curve was generated and mantamed 

through a -um dady calibrmon check procedure wtth a correlatron coefficient of at least 0 99 
or greater Analyte concentrations were reported from the respective analyte calibmon curves using 

the peak area/detector response method Field duplicates and equipment blanks were collected for 
QA/QC purposes at mmimum ftequencies as specified UI the Fmal Work Plan (see Appendut A) 
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1.5 Presemon of SVS -ve Res- The follomg sections present the analytml 

results and fmdmgs generated durmg the Baselrne and Detsuled SVS mvestigations conducted withm 

OU2 at the three prlmary IHSS s 110 112 and 113 and the two alternate IHSS s known as 111 1 

and 109 SVS analpcal results are presented m tabular and graphic format for each IHSS The data 

tables presented m Semon 3 summarue the SVS analyucal laboratory results of the mtial Baselme 

SVS for the primary sites (ixubal survey) and the demled SVS data generated durmg the follow up 

SVS amvities at the primary sites and the alternate sites It is mportant to note that some of the 
SVS analytical data from the May June 1993 Baseline SVS investigations at IHSS s 112 and 113 

were origmally reported as being less than (C) a specified instrument demon l m t  (IDL) (eg 

c 10 ug/L) Where concentr&ons were o n g d l y  reported as bemg less than a specified IDL these 
values where origlnally entered have been presented as Not Detectd or ND m the attached 

tables This modifimon is based on generally accepted analpcal practrce where compounds that 

have been reported as less than a specified IDL are regarded as being statistxally questionable and 

havmg high uncemnty (ASTM 1985) 

In addition to tabulated SVS data the SVS data are also graphically presented on IHSS specific 

- contoured base maps which are contained m Appendm C Two types of dragrams are presented for 
each mvestigated INSS The first diagram of each set presents SVS sample locat~ons and 

correspondmg sample identificatron mfonmon at each IHSS Since SVS data exists at 5 foot and 

10 foot depths for several sample locations at IHSS s 110 112 113 and 119 1 different graphic 

symbols have been used m the sample location maps to distinguish between 5 fwt and 1O-fwt depth 

sample locanons Sample l m o n s  presented on each diagram are b a d  on field surveys cdncfucted 

m accordance with SOP OPS GT 17 Land Surveymg Surveyed sample ] m o n s  are based on 

Colorado State Plane Coordinates Central Zone 

The second set of diagrams present the detected soil vapor concentrmon m umts of ug/L for each 
analyte adjacent to each sample locahon and provides mterpmvc isoconcenmon cdntourmg of the 
IHSS data set as a whole as a function of sample depth The contomg software utilized for 
generation of the isoconcentration figures presented m Appendu C was ARC/INFO Revision 6 1 1 
The Splme Griddmg command was employed m concert with the tension optlon wth a 5 foot grid 

size This overall contouring approach interpolates a two dmnsional muumum curvature spline 
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mtercept on a pomt data set resultmg m a smooth surface which passes through individual mput 

pomts As the isoconcentrmon maps have been computer generated from a lmted number of data 
pomts the resultant mterpolated contours may not represent actual field condiuons and should be 
viewed m concert with the actual field data 

Each set of IHSS contoured diagrams mcludes four analyte specific diagrams mcludmg the four 

compounds 1 1 DCA CCl, TCE and PCE in addition to a Total VOC concentration diagram 
which is presented as an arithmetic sum of the four analytes detected at each sample location Where 

the field mobile laboratory had analyzed duplicate SVS samples or had analyzed duplicate and/or 

replicate SVS samples for QNQC purposes the concentrmons reported on each diagram am the 

highest concentraoons detected from the field laboratory for a valid SVS sample IHSS specific SVS 
analytical data summary tables mclude analyt~cal data for QNQC sampk QNQC samples include 
Field Duplicate samples Field Replicate or co located samples and Laboratory Replicate analyses 

An asterisk symbol has been mcluded for selected QA/QC samples which denotes that the values 

correspondmg to astensk marked samples were not used ut~lrzed to generate the isowncentration 
contours 

Other Tentamely Identlfied Compounds (TIC s) detected dururg the SVS mvvesogmons which are 

not included wthm the anal* list were not mcluded mto the Total VOC concentration value and 
therefore were not factored mto the generation of isoconcentrmon contours However TIC s where 
detected are identlfied and discussed for each IHSS where concentrahons were found to exceed 
approxunately 20 ug/L 
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2 2 Testmg Program, 903 Pad Area 

1 Testing P r o m  Primarv IHSS lu 

2.2.1.1 IHSS 112 Site Backnrou nb IHSS 112 the former drum storage area at the 903 Pad 
experienced a reported release of approxmately 5 OOO gallons of fluid estnated to contam 86 grams 

of plutomum Additionally drums stored at the 903 Pad contamng radioamvely contammated 
cutting oil carbon tetrachloride TCE PCE and acetone have corroded and leaked 

I 

The suspected locatrons of fluid released at the 903 Pad were determured by revlew of aerial 
photographs which reveal former drum storage locauons and areas of staurad soils It is expected 
that carbon tetrachloride compnses the majority of the released contanunatlon at IHSS 112 with 

lesser amounts of TCE and PCE (Fmal Work Plan) 

2.2.1.2 Investigative Results (IHSS 11 21 The Baselm SVS mvestlgaon at IHSS 112 compkted 

in June and July of 1993 encompassed 64 sample collectlons at a depth of approximately 5 feet 

- below grade An additional eight Detaled SVS sample locations wee specified and sampled durrng 

the period from November 1993 through January 1994 A summary of the SVS analytical results 
from the IHSS 112 Baselm and Demled investigabons are presented m Table 2 2 1 Figure C 1 
in Appendlx C identifies the 72 SVS sample locations withm IHSS 112 Figures C 2 through C 6 
present the SVS analytical data and provide interpretive isoconcentrabon contours for each analyte 

detected at IHSS 112 

Analytical results from the mal Baselm SVS mvesbgmon mdicate that the greatest overall VOC 
concentrations were detected from sample 112 60 located approxunately 30 feet south of the 

Southwestern margm of the IHSS boundary Total VOC concentraons were reported as 27 081 
ug/L with 27 OOO ug/L bemg atmbuted to the compound FCE (Figures C 5 and C 6) The hlghest 
TCE concentrations were reported from sample 112 20 located m the northwest quadrant of the IHSS 

boundary at a concentratlon of 77 ug/L (Figure C-4) The compound CCl, was detected at a 
maximum concentration of 120 ug/L at location 112 8 (Figure C 3) while 1 1 DCA was detected 

at a reported high concentration of 420 ug/L at location 112 21 Based on these results review of 
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TABLE 2 2 1 IHSS 112 SVS ANALYTICAL DATA SUMMARY 

112 1 
112 2* 

112 2FR 
112 3 
112-4 
112 5 

112 5D* 
112 6 
112 7 
112 8 
112 9 

112 10 
112 11 
112 12 
112 13 
112 14 
112 15 

112 16* 
112 1 m  

112 17 
112 18 
112 19 

112 21* 
112 21D 

112 22 
112 23 
112 24 
112 25 
112 26 
112 27 
112 2e 

112 2a 

- 

06/23/93 
06/23/93 
06/23/93 
07/06/93 
06/23/93 
06/23/93 
06/23/93 
06/23/93 
06/23/93 
06/23/93 
06/23/93 
06/23/93 
06/25/93 
06/25/93 
06/25/93 
06/25/93 
06/25/93 
06/25/93 
06/25/93 
06/25/93 
06/25/93 
06/25/93 
06/25/93 
06/29/93 
06/29/93 
06/29/93 
06/29/93 
06/29/93 
06/29/93 
06/29/93 

, 06/29/93 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 - 

FR DenotccFlddRepUateSampk 
1) DcnotaDuplk.t.&rapk 

Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba - 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
60 
3 10 
60 
ND 
ND 
ND 
ND 
ND 
35 

260 
150 
420 
ND 
ND 
ND 
ND 
ND 
ND 
ND - 

43 
20 
110 
ND 
23 
100 
76 
37 
74 
120 
4 
ND 
ND 
17 
18 
15 
10 
ND 
ND 
ND 
15 
4 
ND 
50 
58 
52 
4 
15 
35 
IUD 
ND 
5 - 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
N 
ND 
10 
14 
77 
ND 
D 
ND 
ND 
ND 
52 
ND 
ND 
ND - 

0 
PCE 

ND 
ND 
11 
ND 
ND 
ND 
ND 
ND 
13 
ND 
18 
8 
6 
ND 
4 
ND 
ND 
ND 
ND 
10 
65 
60 
55 
ND 
ND 
ND 
ND 
15 

210 
9 
ND 
ND - 

TOTAL VOC S 

43 
20 
121 
0 
23 
100 
76 
37 
87 
120 
22 
8 
6 
77 
332 
75 
10 
0 
0 
10 
90 
113 
392 
200 
478 
52 
4 
30 
297 
9 
0 
5 



TABLE 2 2 1 MSS 112 SVS ANALYTICAL DATA SUMMARY 
(CONTINUED) 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 - 

Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba - 

ND 
D 
ND 
ND 
ND 
ND 
ND 
28 
40 
ND 
ND 
74 
67 
25 
32 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND - 

ND 
ND 
28 
42 
8 
11 
ND 
8 
10 
14 
ND 
ND 
ND 
33 
18 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND - 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND - 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
M) - 

TOTAL VOC S 

0 
0 
28 
42 
8 
11 
0 
36 
50 
14 
0 
74 
67 
58 
50 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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TABLE 2 2 1 IHSS 112 SVS ANALYTICAL DATA SUMMARY 
(CONTINUED) 

112 57 
112 58 
112 59 
112 60 
112 61 
112 62 
112 63 
112 64 
112 65 
112 66 
112 61 

112 67D* 
112 68 

112 68LR* 
112 69 

112 71 
112 72 

112 7a 

P 

07/06/93 
07/06/93 
07/06/93 
07/07/93 
07/07/93 
07/07/93 
07/07/93 
07/07/93 
11/10/93 
11/10/93 
11/10/93 
11/10/93 
11/15/93 
11/15/93 
11/15/93 
11/15/93 
11/15/93 
0 1/03/94 - 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
10 - 

Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
De 
De 
De 
De 
De 
De 
De 
De 
De 
De - 

FR Ik oteiFkldReplkmteSampk 

D DenotesJhpUcat SMpk 
Denotes Snmpk Val N d  Used to Generate SVS C ntoclrr 

ND 
ND 
ND 
43 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND - 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
0 3  
0 3  
ND 
ND 
156 
151 
90 
21 

31 2 
0 1  - 

ND 
ND 
ND 
38 
ND 
ND 
ND 
ND 
4 1  
3 2  
1 

1 3  
1 4  
1 4  
1 5  
0 5  
0 6  

ND 
ND 
ND 

27 OOO 
20 
ND 
ND 
ND 
7 7  
52 
1 2  
1 5  
6 8  
66 
55  
2 2  
1 1  

TOTAL VOC S 

0 0  
0 0  
0 0  

27081 0 
20 0 
00  
0 0  
00 
12 1 
55 5 
2 2  
2 8  

164 0 
159 0 
97 0 
23 7 
32 9 
3 7  

c .- 



I 

the Total VOC contour map mdicates the presence of three areas of elevated VOC s the pnmary 

VOC area is located south of  the southeastern IHSS boundary centered at sample lomon 11260 

while the remammg two are located withm the northern half of the IHSS 112 boundary centered at 

sample location 112 21 and m the general vicmty of sample l m o n s  112 20 and 112 25 The 

southeastem quarter wthm the IHSS boundary is characterned by low to no detected VOC s 

Based on these prelmnary invest~gmve furdmgs an additronal seven Deta~led samples were 

collected from IHSS 112 at 5 foot depths designated as 11265 through 112 71 m November of 

1993 Three of these samples (112 65 through 112 67) were posit~oned south and west of sample 

112 60 which were designed to provide rnfommon as to the lateral extent of VOC contarmnatlon 

Sample locatron 112-66 urdicated a PCE concentrmon of 52 ug/L All other detected analytcs from 
these three l m o n s  were below 10 ugL 

Analytical results from the remammg four Deta~led samples (112 68 through 112 71) ranged from 
Total VOC concentrmons of 164 u g L  (112 68) to 23 7 ug/L (112 70) which are above Baseline 

concentrations along the western margm of the IHSS boundary 

4-- - 

3-c- Tentatrvely Identified Compounds 
(TIC s) other than the four primary analytes detected dumg the Baselme and Demled SVS 
mvestigations mclude the compounds cis 1 2 DCE and 1 2 DCA Sigmficant concentrauons of cis 
1 2 DCE were detected from Baselure samples 112 19 and 112 20 at concentrauons of 91 and 370 

ugL respechvely As discussed m !kaon 2 1 1 5 these concentrations are not included urto the 

Total VOC concenmon data 

2 Testing -am. -S 109 

2.2.2.1 IHSS 109 The alte!mate SVS site for the 903 Pad is Mss 109 a bund 

trench located apprexrmately 300 feet south of the 903 Pad It is believed that IHSS 109 (Titnch 

T 2) was used from approxlmatoly 1969 to 1971 for the disposal of nodmctive liquld wastes 

After radimon screerung solvents which were found to be nonradK)8divc were disposed m the 

trench The solvents were disposed of m small quantmes and may have mcluded PCE TCE carbon 
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tegachlorlde pmt thlnner and small Cpmtlues of construdron related chwnrcals The presenoe of 
soil and ground water contarmnatlon m this area coupled mth the h m r y  of solvent dlsposal suggests 

Trench T 2 as a source area for TCE contammation m this seaon of the 903 Pad Area 

Inv-ve R e s M S  109) The Baselm SVS mvesugatlon at IHSS 109 was 
conducted from November 10 through November 12 1993 encompassrng the c o l h o n  of soil vapor 
fiom 14 samplmg locat~ons at 5 foot depths designated as 109 1 through 109 14 The sample 

loc;itron ramonale was based on a staggermg probe locatrons equidistant along the outer margm of 

Trench T 2 An additlonal -led sample l m o n  designated as 109 15 was sampled on January 
3 1994 Table 2 2 2 presents a summary of SVS analyhcal results for IHSS 109 Figure C 7 m 
Appendix C ldenttfies the 15 Baseline and W l e d  samplmg locetlorw at Mss 109 Figures C 8 
through C 12 present the SVS analflcal data and provide rnterp~vc  isoooncentrabon contours for 

each analyte detected at IHSS 109 

Analyt~cal results €tom the SVS mvesugmon at IHSS 109 uxlicate that the prrmary analyte dwcted 
from shallow soil vapor IS TCE This findrng corroborates histom evIclence cited m Sectron 2 2 2 1 

-__The gmtest Baselm Total VOC concentmons werc detected fiom sample locations positioned 

towards the mddle of Trench T 2  (see Figure C 12) This findmg led to the establishment of 
Deta~led sample lomon 109 15 which is positloned approxunately 20 fees south southwest of 
location 109-4 

TCE detemons ranged from a maxunum detectmn of 1400 ug/L at loamon 109-4 to no d&ttctcd 
TCE at locauon 109-2 Addst~onal TCE de!tu%ons m exass of 100 ug/L utere realized at locatrons 

1093 1095 10911 and10915 allofwhicharelocatedto~sthermddleof~fonnettrmch 

The compound PCE was detected at a maxunum concentration of 175 ug/L at W o n  109 11 with 

a lesser concentmon of 108 ug/L from locmon 109-4 both positmned towards the center of the 

trench All other detections of PCE were found at c o n c e m n s  less than 35 ug/L Carbon 

Tetrachloride concentcahons were low to not detected 1 1 Dichloroedrane was dmcted in elevated 

concentrmns at two locattons wrth a maxmum m n c e ~ n  of 190 ug/L OOCucirng at W o n  109- 

12 which exceeds the TCE concenmon detected at this locatron Because of the high 
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11/10/93 
11/10/93 
11/10/93 
11/10/93 
11/11/93 
11/11/93 
11/12/93 
1lllU93 
11/12/93 
12/27/93 
11/12/93 
11/12/93 
1lllU93 
1lllU93 
11/11/93 
11/11/93 
11/11/93 
11/10/93 
1/3/94 
1/3/94 

TABLE 2 2 2 IHSS 109 SVS ANALYTICAL DATA SUMMARY 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

1AMPLEID! DATE DEPTH 

109 1 
109 2 
109 3 

109 3FR* 
109-4 
109 5 
109 6 

109 6FR* 
109 7 

109 9 
109 9LR* 

109 lo=* 
109 11 
109 12 
109 13 
109 14 
109 15 

109 15FR* 

109 a 

109 i o  

FR Denotes1 

D DentcsIh 

- 
STATUS - 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
De 
De 

- 
so  

.,1 D C A  - 
0 
0 

6 4  
22 
109 
7 2  
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 90 
13 2 
0 
33 
11 

Vapor 
CC14 - - 

0 
0 

0 4  
0 4  
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 3  
0 

0 3  
0 - - 

nalytic: 
TCE 

0 6  
0 

590 
770 
1400 
260 
66 

42 5 
9 1  
0 9  
1 

0 8  
37 
22 
194 
26 
60 
0 7  
500 
72 - 

Ba DenotesBasehcSVSSpmpk 

De De otesDetaUedSVSsSmpl 

LR Denotes Lab ratory RepUcate Sample 

De tcbsUnpl Val NotUsdtoCen rat SVSCo to IJ 

Results 
FCE 

0 7  
0 

9 1  
12 
108 
26 
14 
61  
0 9  
0 4  
0 4  
03 
9 4  
5 9  
175 
34 
9 4  
0 5  
1 2  
0 3  

- - 

- 

u n n )  
TOTAL VOC 5 

1 3  
0 

605 9 
804 4 
1617 
294 2 

80 
48 6 
10 
1 3  
1 4  
1 1  

464 
27 9 
369 
250 
82 9 
1 2  

534 5 
83 3 

- 



concentrrnons of TCE detected at sample b o n s  withm IHSS 109 rekve to the other tiuee 

prlmary analytes Total VOC concentrmon ContoUTJ generally correspond to TCE contours (see 

Figures C 10 and C 12) One notable excephon to this trend occurs at l m o n  109 12 where 

detected 1 1 DCA concenmons were found to be an order of magnttude higher than TCE 

The western and eastern margms of Trench T 2 exhibited sigmficantly reduced VOC levels when 

compared to sample results from the central trench area VOC concentraQons from sample l m o n s  
at the trench margms ranged from 10 ug/L as Total VOC s to no detected analytes 

3.2.2.3 TIC s T I C s detected from soil vapor samples collected at IHSS 109 

mclude the compounds cis and trans 1 2 Dichloroethene (1 2 DCE) and vmyl chlonde T I C s 
m excess of approximately 20 ug/L were reported at sample locattom 1094 109-6 and 109 14 

The T I C s cis and trans 1 2 DCE were detected from sample 1094 located wthm the area of 

the highest detected VOC s Cis and trans 1 2 DCE are commonly chemcal or biological daughter 

products which are generated from decomposition of TCE 

Addihonally vmyl chloride was detected at concentrations m excess of 20 ug/L at locations 109-6 

-- and 109 14 which are posimned at the outer margtns of the pnmary VOC plume Vmyl chlorde 
is typically found as an end product associated wth the rmcrobial -on of 1 1 LXA and is 

often found at VOC plume margms This results because vmyl chlonde is a light gas and its 

generaoon requlres sufficient reachon tune durmg which undergoes subsurface vapor transport 

away from the VOC source area No other T I C s were identrfied from vapor collected from IHSS 
109 

I 2 3 Testmg Program, Mound Area (IHSS 113) 

2.3.1 IHSS 113 Site BackerpllnQ 

IHSS113 1OcateawthmtheMoundArea wasusedtostoreanestunated1405drumscontauung 

pnmarily depleted urmum- and beryllium-umtammated lathe coolant (a mucture of hydraulic oil and 

carbon tetrachloride) Some drums were reported to contain FCE Soil c o n m o n  at IHSS 113 

IS expected to be lmted to PCE and Carbon Tetrachlonde Cleanup of IHSS 113 was accomplished 

m 1970 and the matenals removed were packaged and shipped to an off site DOE faclllty as 
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radioacuve waste Results of groundwater analyses at wells adjacent to IHSS 113 mdicatc that PCE 
comprises the majorlty of the Voc contarmnaton m the area wth ksser amOUnts of carbon 
Tetrachlonde present 

2.3.2 Investigative R e s m S  1131 

A Baselm SVS mvesbgatron was completed at IHSS 113 durmg June of 1993 which encompassed 

the collectron and analysis of 36 SVS samples at a depth of approximately 5 feet below grade The 
samplmg approach employed durmg the Baselux SVS mvewgmon posiboncd probes m a staggered 

array spaced at =foot to 4O-foot intervals This approach prowled fix adquate probe coverage 

wthm the MSS boundary m addibon to outside coverage both to the east and south of the Mss 
113 boundary 

Foilowmg completron of the Baselm SVS an additional seventeen (total of 53) Detailed SVS 
samples were collected dumg November and December of 1993 These De&uled SVS samples wen? 

located at areas so as to expand the SVS gnd or to provide a bghter grid density at suspected VOC 

-- source areas Four of the Demled samples were collected from 5 foot depths while the runaming 

thirteen SVS samples were collected from a depth of 10 fket below grade lb collccdon of Dctalcd 

SVS at two depths was designed to establish a 5 foot and 10-foot SVS database and pernut the 

evaluatron of VOC concentmuon and distribution as a funchon of depth 

Nlne of the seventem Detrulcd SVS samples were located radially away from Baselm samplmg 

loamons 113 29 which was found to contam elevated Total VOC cumammom The remruning 

eighteen Detiuled samples were positioned at and radially away from Baselm SVS location 113-18 
which contamed very high PCE cancentratrons m excess of 32 OOO ug/L 

Table 2 3 2 preseats a sullllllllly of SVS analyacal results of the Baselfnt and Detruled SVS samples 

collected at IHSS 113 Figure C 13 m Appendu. C rdenufies the 53 Basehnc aad Detatkd samplrng 

lomons at IHSS 113 Figures C 14 through C 23 present the SVS analyacal data and provide 

mterpretive isoconcentmuon contours for each anal* detected at IHSS 113 
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TABLE 2 3 2 IHSS 113 SVS ANALYTICAL DATA SUMMARY 

~ 

113 1 06/15/93 
113 2 06/15/93 

113 3* 06/16/93 
1133D 06/16/93 

113-4 06/15/93 
113 5 06/15/93 
113-6 06/15/93 
113 7 06/15/93 
113 8 06/16/93 
113 9 06/15/93 

113 10 06/16/93 
113 11 06/16/93 
113 12 06/15/93 
113 13 06/16/93 
113 14 06/17/93 
113 15 06/16/93 
113 16 06/15/93 
113 17 06/16/93 
113 18 06/17/93 
113 19 06/15/93 
11320 06/14/93 
113 21 06/14/93 
11322 06/16/93 
113 23 06/17/93 
113 24 06/14/93 
113 25 06/14/93 
11326 06/16/93 

113 27* 06/14/93 
11327FX 06/17/93 

113 28 06/16/93 
113 29 06/14/93 
11330 06/15/93 
113 31 06/16/93 
11332 06/16/93 
113 33 06/14/93 

113 33D 06/14/93 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 - 

Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba - 

- 
SC 

11 DCA 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
470 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
15 

360 
ND 

5400 
ND 
ND 
ND 
ND 
ND 

- 

- 

- 
Vapor 1 
CC14 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
5 2  
18 
ND 
46 
ND 
ND 
ND 
ND 
ND 

- - 

- 

TCE 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
18 
ND 
ND 
ND 
740 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
13 
14 
ND 
370 
ND 
ND 
ND 
ND 
ND 

- - 

I 

sults (q 
D/.T: 

ND 
12 
ND 
ND 
ND 
ND 
ND 
16 
12 
190 
ND 
23 
ND 
ND 
23 
ND 
ND 
ND 

16OOO 
ND 
ND 
1 5  
ND 
ND 
ND 
16 
21 
39 
39 
ND 
610 
48 
ND 
ND 
ND 
ND 
I 

1) 

TOTAL VOC S 

0 
12 
0 
0 
0 
0 
0 
16 
12 
190 
0 
23 
0 
0 

511 
0 
0 
0 

16740 
0 
0 

1 5  
0 
0 
0 
1 6  
21 

72 2 
43 1 
0 

6426 
48 
0 
0 
0 
0 



TABLE 2 3 2 M S S  113 SVS ANALYTICAL DATA SUMMARY 
(CONTINUED) 

- 
10 
10 
10 
5 
10 
5 
10 
10 
10 
10 
5 
5 
10 
10 
10 
10 
10 
10 
10 
10 
10 - 

De 
De 
De 
De 
De 
De 
De 
De 
De 
De 
De 
De 
De 
De 
De 
De 
De 
De 
De 
De 
De - 

- 
SC 

11 DCA 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
280 
260 
240 
40 
40 
43 

- 

- 

- 
Vapor A 
CC14 

ND 
ND 
0 4  
ND 
ND 
51 
130 
12 
03 
ND 
ND 
ND 
ND 
ND 
ND 
52 
46 
55 
m 
ND 
ND 

- 

I___ 

TCE 

ND 
ND 
11 
ND 
ND 
930 
2600 
3300 

37 
11 
ND 
ND 
ND 
17 
ND 

2620 
2520 
2790 
244 
240 
249 

- - 

- 

- 
(q 

PCE 

30 
2 7  
25 
0 9  
4 3  

2500 
6300 
32400 
3740 
27 
19 

0% 
1 

415 
02 

4880 
4510 
5 160 
115 
120 
117 

- 

- 

I) 

TOTAL VOC S 

30 
2 7  
26 5 
0 9  
4 3  

348 1 
9030 
357 12 
3777 3 
28 1 
19 

0 96 
1 

432 
0 2  

7832 
7336 
8245 
399 
400 
409 

2 17 



Analyucal results from the Baselm SVS mvestrgatron lndicate a brmodai distrtbuaon of VOC s 
wthm the IHSS 113 boundary Specifically the compounds 1 1 DCA and Carbon Tetrachloride 

were detected pmcipally wthm the northwestern quadrant of the IHSS 113 boundary whereas TCE 

and PCE were detected at elevated concentratrons at both the northwestern quadrant near location 

113 38 and at the eastern center of the IHSS boundary at locat~ons 113 18 and 113 39 

At a 5 foot depth deteaons of elevated 1 1 DCA concentrations were lrrmted to three locahons 
positroned at and west of the dlrt road wthm the northwestern quadrant of the IHSS boundary 113 
29 113 27 and 113 14 (see Figure C 14) The absence of data west of l m o n  113 14 near the 

Protected Area fencelme leaves further lnterpfetatrons as to wlcstetly 1 1 DCA concentmons 
mwnclusive At a lO-foot depth elevated 1 1 DCA w n m o n s  were detacted at locatlolw 113-46 

and 113-47 psmoned approximately 12 feet north of the northem IHSS boundary near the prodected 
Area fencelme (see Figure C 19) Companson of the 5 foot and 10-foot depth data indicates a 

decrease m 1 1 DCA concentmons wth depth No 1 1 DCA was daected m any of the SVS 
samples collected m the southern and eastern halves of IHSS 113 

- The distnbutmn of Carbon Tetrachloride at IHSS 113 follows a pattern sirmlar to 1 1 DCA Low 

to no detected Carbon Tetrachloride charactemes the eastern and southem halves of the IHSS 113 

boundary at both 5 foot and 10-foot depths Withm the norheastem quadrant however d e r a t e  
concentrations rangmg from 18 to 130 ug/L were detected fiom locatrons 113 27 to the south to 

location 113-46 positloned north of the IHSS border (see Figures C 15 and C 20) Carbon 

Tetrachlonde concentrat~~m indicate a slight mcrease vvlth depth 

The compounds TCE and PCE were detected at elevated concentrations (eg 111 excess of 250 ugL) 

atme of 47 samplii locatxm wrthm IHSS 113 centered around the two prunary areas within the 

IHSS boundary at locat~~ns 113 29 and 113 38 umhm the northwestem quadrant corns wth 

the 1 1 DCA and Carbon Tccrachlonde source area and at location 113-18 centered along the 
eastern quarter of the IHSS boundary This distnbutron pattern is nearly identical for PCE 

however FCE was detected at coIIcentraslons typically an order of megrutude higher than TCE 

rangmg up to a concenmon of 32 400 ug/L at a 1O-foot depth at locatmn 113-39 In general TCE 
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and PCE vapor concentratmu am greater at a lO-foot depth when compared to 5 foot data at nearby 

probe l m o n s  

Total VOC contammuon is generally concentrated withm and north of the northwestern IHSS 
quadrant and along the eastern IHSS boundary centered around l m o n s  113 18 and 113 39 At 

locxwons positroned away from these areas of elevated VOC s vapor concentrmons are generally 

moderate to not detected The entue southern thvd of the IHSS IS charactermd by very low to no 
detected VOC s 

T I C s m excess of approximately 20 ug/L idenufied by the mobile laboratory m SVS samples 
analyzed fromIHSS 113 mcludethecompounds 1 1 DCE cis 1 2  DCE andtrans 12DCE 1 1 
DCE was reported from the Baselm sample 113-14 located m the northeastern quadrant of IHSS 

113 The compounds cis and trans 1 2 DCE wre also reported from samples 113 37 and 113 38 
located east and west of the dut road along the northeastem site boundary respectwely No T I C s 

- d l e v e l s  m e x a s  of approxmately 20 ug/L were detacted from sample locations m the eastem half 
of the site 

2 4 Testrng Program, East Trenches Area 

2.4.1.1 IHSS 110 Si te  Mss 110 (Trench T 3) IS one of m e  butral trencbes wthm 

the East Trenches Area. The trenches were used from 1954 to 1968 for disposal of depleted 

urmum flattened depleteduraruum a n d p l u t d r u m s  andsanrtarysewage The 

wastes have not been disturbed smce thew bwal IHSS 110 was used primarrly hr the disposal of 

smtary sewage The sludge disposed m the trench consisted of concentrated orgamc matter typicaIty 

found m samtaxy waste-watet treatment plant sludge Disposal operations at Trench T 3 were 
conducted durmg the p e d  of July 2 1955 through August 14 1968 
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3.4.1.2 I n v a m t i  ve -S 1 10) 

The Baseline SVS rnvestigmon conducted at IHSS 110 durrng June of 1993 encompassed 22 

samplmg locatrons collected at a depth of approxunately 5 feet below grade The samplmg approach 

for the IHSS 110 Baselme SVS employed a triangular gnd pattern wth probe spacmg appmxlmateiy 

equidistant at 20-foot m r v a l s  This approach prowded for near-complete coverage along Trench 

T 3 Fol lomg completron of the Baseline SVS data an additional seven -led probe locatoons 

were sampled at a depth of 10-feet below grade The -led probe l m o n s  were sampled durrng 

November and December of 1993 Detatled probes were posltroned near areas where Baseline data 

mdicated relamely high VOC concentrmons Addmonally the 10-foot depth of the -led probes 

allowed an evalmon of subsurface conditlons as a funchon of both lateral probe posdorung as well 

as depth 

Table 2 4 1 presents aSummary of SVS analytml results of the Baselme and htatled SVS samples 

collected at IHSS 110 Figure C 24 rn Appendlx C identities the 29 Baselme and De$aded samplmg 

locatrons at IHSS 110 Figures C 25 through C 34 present the SVS analytical data and provide 

- lnterpretlve isoconcentration contours for each analyte detected at IHSS 110 

A review of Table 2 4 1 and Figures C 26through C 30 lndtcates that the prlmary VOC s detected 

from shallow 5 foot depth soil vapor samples were 1 1 DCA and PCE which were detected at 

concentrmons rangrng from the tens to hundreds of ug/L TCE and qubon tetrachlorde were 

detected as well m selected SVS samples yet wth concentmom rangmg m the units to tens of 

ug/L Therefore Total VOC values and correspondmg consourS at a 5 foot depth generally mmc 
1 1 DCA and PCE contours 

At a 5 foot depth the compound 1 1 DCA was detected at a maximum contemn of 410 u g L  

at locatron 110-3 posrtloned approximately 35 feet west of the southwest MSS boundery (see Figure 

C 25) Elevated 1 1 DCA d-ons from 5 foot depth samples were c o n f d  wthm the western 
half of the IHSS north of the S W  trader 10-fbot depth samples mdi- mockate levels of 1 1 
DCA was detected fiom locaslons 110-23 through 110-26 all positioned 20-far or more north of 
the SVE trader 
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TABLE 2 4 1 IHSS 110 SVS ANALYTICAL DATA SUMMARY 

110 11 06/11/93 
06/11/93 
0611 1/93 
06/11/93 
06/11/93 
0611 1/93 
06/09/93 
06/07/93 
06/09/93 
06/07/93 
06/07/93 
06/09/93 
06/07/93 
06/09/93 
06/07/93 
06/09/93 
06/07/93 
06/09/93 
06/07/93 
06/09/93 
06/07/93 
06/07/93 
06/07/93 
06/07/93 
05/28/93 
06/04/93 
06/04/93 
06/04/93 
06/04/93 
06/04/93 
06/04/93 
05/28/93 
06/11/93 
11/03/93 
1 1 /Om3 
11/01/93 
11/05/93 
11/01/93 
12/27/93 
12/27/93 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
10 
10 
10 
10 
10 
10 
10 
10 
II 

FR Denota Fkld Rephte Sample 
I) Dcn taDupUateSmnpk 

Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
De 
De 
De 
De 
De 
De 
De 
De - 

1 1  DCA 

ND 
140 
ND 
410 
200 
320 
280 
46 
300 
140 
140 
220 
150 
96 
40 
81 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
M) 
ND 
ND 
ND 
15 
68 
59 

- 

- 

- 
011 Vapor 
CC14 

47 
ND 
111 
110 
46 
77 
51 
72 
30 
11 
11 
15 
3 3  
16 
19 
3 3  
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
0 36 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
1 
410 
14 
30 
32 
35 
66 
70 
490 

- 

I 

- 
molytical 
TCE 
ND 
ND 
ND 
ND 
12 
1 1  
5 2  
12 
21 
72 
66 
12 
99 
67 
26 
36 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
m 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
12 
ND 
72 
54 
ND 
07 
2 8  
16 

- 

- 

- 
!esults (ly 

FCE 

IUD 
12 
1 1  
43 
29 
34 
52 
29 
310 
140 
130 
3 10 
270 
170 
78 
96 
16 
51 
29 
25 
ND 
ND 
ND 
ND 
0 11 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
690 
0 74 
115 
88 
ND 
96 
100 
280 

- 

- 

rOTAL VOC S 
47 
141 2 
112 1 
524 3 
276 2 
432 1 
388 2 
83 4 
661 
298 2 
287 6 
557 
433 2 
274 3 
122 5 
183 9 
16 
5 1  
29 
25 
0 
0 
0 
0 
0 47 
0 
0 
0 
0 
0 
0 
0 
1 

1112 
2 14 
152 2 
125 4 
35 
91 3 
2408 
845 - 



Carbon Tetrachlonde detecbons were highest m 5 foot depth SVS samples 110-3 and 110-2 located 

approxunately -feet and 70-feet northwest of the SVE traler respectlvely (see Figure C 26) 
Reduced Carbon Tetrachlonde concentr&ons are located east of this area where wthm the eastem 

half of the IHSS boundary Carbon Tetrachloride was not detected At a 10-foot depth elevated 

Carbon Tetrachloride concentmuons were confined to the vicmity of the SVE trader where the 

highest reported concenmon was detected from location 110-29 at 490 u g L  (see Figure C 30) 

TCE was detected at low concentrations at both 5 foot and 10-foot samplmg depths throughout IHSS 

110 Relmveiy low concentrat~ons rangmg from 1 1 to 21 ugh, werc detected at l-on 110-7 at 
5 feet and southward towards the SVE trarler at locat~ons 110-23 and 110-29 at a 10-foot depth (see 

Figures C 27 and C 32) No sign~ficant soil vapor TCE conantratrons were detected elsewhere in 

IHSS 110 durrng this mvesagmon 

Elevated PCE d m o n s  m soil vapor were conctnfrated wthm the western thud of the IHSS 

boundary and resemble the dismbuon of 1 1 DCA mthm IHSS 110 The most sipficant 
* --detechons of PCE at 5 foot depths occumd at locations 110-7 through 110-10 wrttri the 

thltd of the IHSS rangrng m concenmons from 96 to 310 ug/L Elevated PCE conctntmons at 

a 10-foot depth are confined to Iomons between the SVE traler and the Southern IHSS border 

smlar to 1 1 DCA with the excepaon of lmitmn 110-25 The detecuon of PCE at 10-feet at 

locatron 110-25 wth a concenmon of 115 ug/L has the effect of drawmg PCE contours northward 

from the SVE tratler Given the absence of addimnallO-fm depth SVS data m areas between the 

SVE tra~ler and loahon 110-25 it is difficult to establish whether the 10-foot depth PCE contours 

are accurately depictmg site condiaons PCE was not detected from any of the SVS locat~ons 

positroned withm the eastern half of the IHSS 

As discussed earl= Total VOC concentmons and resultant contours closely resemble the 

distribution of 1 1 DCA and PCE An excepuon to this trend is the elevaud concentration of Carbon 
Tetrachlonde at a 10-foot depth at SVS locationS m the vicuuty of the SVE tratler particularly at 

locatrons 110-23 and 110-29 Clearly Total VOC values m the area of the SVE mler are an 

mdication of prmarily PCE and carbon tetrachlonde (see Table 2 4 1) 
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24.1.3 T.I.C. s 110) T I C s detected from SVS samples collected from the IHSS 110 srte 

were lmted to the compounds cis and trans 1 2 DCE detected from sample 110-25 located 10 feet 

north of the IHSS 110 centerlure This sample locatlon was also character& by elevated levels of 

carbon tetrachlorrde In this lnstance the presence of T I C s m this sample are rnterpreted to be 

related to the degradataon of PCE 

I 

2.4.2 Test-SS 111.1 

24.2.1 IHSS 111.1 S ite B a c w  The alternate SVS site for the East Trenches Area is 
IHSS 111 1 IHSS 111 1 also known as Trench T-4 is a bmal trench located approximately 100- 
feet east of IHSS 110 This trench smlar  to IHSS 110 was used from 1954 to 1968 for disposal 

of mtary sewage sludge contBrrrm8tcd wth ursullum and plutomwn and c o n a s  flattened drums 

contarmnated wth depleted ufatlllllll and plutomum The wastes have not been disturbed since thes 

burial 

24.2.2 In v-ve -S 111.1) The Baselm SVS mvemgatmn at IHSS 111 1 was 

= - -completed d m g  November of 1993 which comprwcd 21 sample locatHMs designated as 111 1 1 
through 111 1 21 collected at a 5 foot depth The Baseline samplrng approach utilized a series of 

equidistant probes staggered m a mangular grid along the outer margm of Trench T-4 Followmg 

sample collmon and analysis an additional probe locatlon designated as 111 1 22 was posltioned 
at an area exhibitmg high VOC concentmoons This Deta~led locat~on was sampled from a 5 foot 

depth on December 31 1993 

A summary of the Baselme and Deftned SVS analyt~cal results for Mss 111 1 IS piesented as Table 

2 4 2 Figure C 35 presemd m Appendu. C identrfies the 22 samplmg locatIons wthm IHSS 11 1 1 

Figures C 36 through C-40 present the SVS analpcal data along wth mterprretwe isoconcentration 

contours for each anal* detected at IHSS 111 1 

Review of the SVS data presented m Table 2 4 2 and Figures C %through C-40 mdicates that the 
prlmary VOC s of concern at IHSS 111 1 are TCE and PCE which were deteded at contemns 
m the range of 100 s to 10o0 s of ug/L at various sample locations along the trench Owurg to the 
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TABLE 2 4 2 MSS 111 1 SVS ANALYTICAL DATA SUMMARY 

SAMPLE ID 

111 1 1  
111 1 lLR* 

111 1 2  
111 1 3  
111 1-4 
111 1 5  
111 1 6  
111 1 7  

111 17D* 
111 18* 

111 18FR 
111 1 9  

111 111 
111 1 12 
111 1 13 
111 1 14 
111 115 
111 1 1 6  
111 1 17 
111 1 18 

111 1 19* 
111 1 19D 

111 1 20D* 
111 121 

111 1 21D* 
111 122* 
111 122D 

- 

111 1 i a  

111 120 

- 

DATE 

11/3/93 
11/3/93 
11/4/93 
11/4/93 
11/4/93 
11/4/93 
11/4/93 
11/8/93 
11/8/93 
11/8/93 
11/8/93 
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12/31/93 

- 

- 

- 
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5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

- 

- 
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Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
Ba 
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Ba 
Ba 
Ba 
Ba 
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Ba 
Ba 
Ba 
Ba 
Ba 
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0 
0 
0 
0 
0 
0 
0 
0 
0 
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0 
0 
0 
0 
0 
0 
0 
14 
12 
5 8  
59  
0 
0 
0 
0 

468 
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- - 

- 

dl Vae 
CC14 

0 
0 
0 
0 
0 

0 9  
15 
19 
23 
5 8  
12 
1 9  
0 2  
0 
0 
0 

0 5  
11 
19 
93 
3 

0 5  
0 5  
0 2  
0 2  
0 
0 
0 
0 

- - 

- 

t Analyl 
TCE - 

0 
0 
0 

0 6  
150 
416 
1450 
%5 
664 
430 
1470 
9 5  
13 
194 
7 5  
1 

24 
770 
5 14 
1023 
2740 
1390 
1670 
110 
151 
0 8  
0 
39 
88 - 
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PCE 

0 4  
0 3  
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6 8  
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83 
95 
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9 4  
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0 7  
0 7  
1 

21 
31 
274 
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3500 
4Ooo 
8% 
640 
4 4  
1 5  
93 
170 

- - 

- 

IOTAL VOC! _. 
0 4  
0 3  
2 9  
7 4  

2450 
730 9 
1814 
1067 
782 

453 4 
1491 4 
107 4 

14 
369 
8 2  
1 7  

25 5 
802 
564 
1404 
4425 

4896 3 
5676 4 
1006 2 
791 2 
5 2  
1 5  
600 
815 
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high reported levels of TCE and PCE the Total VOC values and correspndmg isoconcemon 

contours closely resemble areas of high reported TCE and PCE 

Contrastly the compounds 1 1 DCA and Carbon Tetrachloride were generally lmted to 

concentrmons or below 20 ug/L wth exceptrons of locatlon 111 1 17 which had a reported level 

of 93 ug/L of Carbon Tetrachlonde and loahon 11 1 1 22 which reported a 1 1 DCA concentmuon 
of 557 ug/L The high detected level of 1 1 DCA occumng at IocaUon 111 1 22 was somewbat 

anomalous when compared to the other 21 samplmg locauons of which only three locau~ns showed 

any detectable 1 1 DCA which ranged from 5 9 to 14 ug/L Thls smgk high detection of 1 1 DCA 

at locatron 111 1 22 is represented by isoconcentflltlon contoucs to md- a potenttal source area 

to the northwest This computer mterpolmon is suggested to rmsreprescnt actual VOC distributions 

smce no other SVS data is avmlable north or west of locaslan 11 1 1 22 to substantiate the contours 

The distnbution of Carbon Tetrachloride at IHSS 111 1 is cozmntratcd towards the central pomn 

of Trench T-4 wth a high concentratlon centered around W o n  111 1 17 (see! Figure C 37) 

Overall Carbon Tetrachlor~ie concentrmons are 2 3 orders of -tude lower than TCE and PCE 
- -soncenmons and therefore contnbutc relahvely little to overall site co-on 

The overall highest concentmuons detected at IHSS 111 1 are generally weighted towards TCE 
Table 2 4 2 and Figure C 38 lndicate that TCE concenmons are greawt at locatlon 111 1 18 

posmoned slightly west of the center of Trench T-4 and are generally confrr to the southwest near 
111 1-4 and to the northeast at locam 111 1 15 TCE concentmtmm towards the western and 

eastern margms are shown to rapidly drrmrush to low or non detected levels 

The compound PCE was the highest detected prmciple analyte at Mss 111 1 wth a maxmum 
concentrmon of 4 OOO ugL  detected at l a o n  11 1 1 19 OveraII the elevated PCE concentmuons 
arelm~toanareaanteredaroundlocatlan111119 extendiigwestmidwaybeweenlomons 

111 1 3 and 111 1 20 and east towards locamn 111 1 7 (see Figure C 39) The lack of addiaonal 

SVS data north and south of Trench T-4 precludes accut~ltt evaluation of PCE distribuaon m these 

areas 
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The Total VOC distnbutron is very smlar to the dimbution of TCE along Trench T-4 (see Figures 

C 38 and C-40) The subtle difference between the TCE and Total VOC contour maps is the method 

m which the computer mterpreted the contours about sample l m o n  111 1 8  The TCE map 
presents the 1 OOO u g L  contour about 111 1 8 as a detached source open to the south whereas the 

Total VOC map mcludes the contour as a footprurt attached to the prmciple source area In either 
case the computer mterpremon of addiuonal VOC s existmg soudl of the trenchlme is considered 

as broadly mterpretive given the existmg database VOC distnbutrons arc shown to demase 
progressively away from the central trench and approach levels below detection Imts along the 

western and eastern trench margm 

~ T I C  s detected durrng the MSS 111 1 SVS invemgation 

mclude the compounds cis and trans 1 2 DCE and vmyl chlorrde "his suite of three T I C a were 

detected at levels m excess of 20 ug/L at lomons 111 1-4 111 1 5 111 1 19 and 111 1 21 all 

positroned along the western thvd of the trench and at l m o n  111 1 15 positioned approximately 

75 feet west of the eastern trench tetrmnus No other T I C s were reported from locat~ons sampled 
withm this IHSS site 
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3 0 OU2 SVS INVESTIGATIVE CONCLUSIONS AND REcoMME"s 

The results from the Baselm and -led SVS mvestrgatrons conducted dung this work lndicate 

the majority of the VOC contarmnatron withm the areas tested at OU2 as berng locased wthm five 

contamrnatron areas and the detected analytes were mostly TCE and PCE Ofthe 181 pornti that 

were sampled approxlmasely 54 percent resulted m Total VOC values greater than 20 ug/L and 16 

of the Total VOC values were above 1 OOO ug/L The highest value recorded was 32 400 ug/L of 
PCE at a depth of l0-feet (Sample ID No 113 39) located mlde the eastem boundary of IHSS 113 ! 

I 
The correspondmg Total VOC value was 35 712 ug/L 

sample d m o n s  above 1 OOO ug/L occurted at IHSS 111 1 
"he greatest percentage of Total VOC 

A presenmon of the highest contammabon sample 1ocatIons wthin OU2 is as follows 

0 

0 

0 IHSS111119 4ooOug/LFCEand167Oug/LTCE Depth5feet 

IHSS 110-23 690 ug/L FCE and 410 ug/L CCI, Depth 10-feet 

IHSS 109-4 1 400 ug/L TCE Depth 5 feet 

- - e MSS112 27000pcE DepthSfeet 

0 IHSS 113 Two locations 
- 
- 

113 38 6 300 ugL PCE and 2 600 ug& TCE Depth 10-fe  
113 39 32 400 ug/L PCE and 3 300 ug/L TCE Depth 10-f& 

The follomg StcbOIw present the conclusions and ftcommtndlldKuw fbreachofthelnvesbgated 

areas conducted dutlng this achwty 

3 1 IHSS 112 
Results from the Baselme and Deta~led SVS mvesagmons at pnmary OU2 IHSS 112 indicate the 

presence of thra areas of elevated VOC s The primary area of elevated VOC s is located outside 

the southeastern MSS boundary centered at location 112-60 wth PCE detectad at a conantratro 'n 
of 27 OOO ug/L Based on the SVS data collected from locat~ons posit~~necl radially away from 
locat~on 112 60 which Udicased low to no detected VOC s the high FCE conmtrabo - Iw previously 

detected at 11260 is shown m Figures C 5  and C-6tobe l o c a l d  mextent lmted towthrn an 

approxunate 20-foot to Wfoot radial distance 
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"bo additrod areas of elevated VOC s were detected from SVS samples located in the northem half 
of the IHSS 112 boundary The first is centered about sample locatmn 112 21 and the second is 
located m the vicmty of samples 112 20 and 112 25 Total VOC concentr&ons at these locattons 

are reported m the range of 200-400 ug/L and are shown to decrease to non-detemd levels wthm 
an approxtmate a f o o t  radd distance Soil vapor VOC concenmons at probe locat~ons away from 

the three elevated VOC areas ranged from 164 ug/L to below demon lmts Addltronally the 

entue Southeastern quarter of IHSS 112 exhibited no detectable VOC s 

Based on the very high PCE concentrwons deteaed at locabon 112 60 wth low to no dwcted 

VOC s at locat~om posltKMed radially away €tom 112-60 it is recommended that a resample of 112 
60 be carried out at both 5 foot and 10-fod depths to ver@ PCE concatmt~ons and to establish 

a vertical distribuaon of PCE concentrwons if possible 

3 2  IHSS109 

I A review of the OU2 alternate MSS 109 SVS data and the contour maps presented in Appendlx C 
I 

- - 1 J n d i c a s e ~  the presence of elevated VOC s west of the mtdpomt and south of Trench T 2 in the area 

of probe locatmns 109-4 and 109 15 Thrs area is chamtmzed by modem to high (1W1 OOO 
ug/L) concentrations of 1 1 DCA TCE PCE Interpretive contours presented on Figure C 12 are 

shown to extend approximately 1OO-feet east of the elevated VOC area at l m o n  109-4 As no 
actual VOC data have been obta~ned due east of sample locabons 109-4 and 109 15 to provide an 
anchor pomt for contomg the computer generated contours extendmg east of lomuon 109-4 may 

not be indicative of actual SI& amditrons A second area of elevated VOC s is antmd around 

l m o n  109 11 Sample locatmn 109 11 located approxunately 45 feet east northeast of locaslon 

109-4 is chamcmzed by the highest PCE conce!ntmon detected at IHSS 109 'Ihe lack of 
additrod SVS data north of location 109 11 lmts any further conclusions as to VOC distribution 

north of 109 11 

Based on the lower VOC concentrahons detected at MSS 109 relative to the three prlmary OU2 
IHSS s it is recommended that a llrmted (2 3 addiuod probes) number of addibonal probe lomons 
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be sampled at locatrons southeast of 1 0 9 4  and north of 109 11 m order to ptovlde closure of SVS 

data m these areas where cutrent data is lackmg 

3 3 IHSS 113 

Elevated VOC concentrations of the prmciple analytes wthm IHSS 113 are shown on the contour 

maps to occupy two general areas The prmciple area of elevated VOC s is centered around sample 

locations 113 18 and 113 39 located 30-feet west of the eastern IHSS border This area IS 

characterlzed by locally maxlmum concentrations of PCE and TCE with low to no detected 1 1 

DCA and Carbon Tetrachlonde In general VOC vapor concenrraslons are greater m samples 

collected from a 10-foot depth when compared to nearby 5 foot depth probe locat~ons 

The second area of elevated VOC s is located m the northwestern Quadrant of the IHSS 113 
boundary cented around sample locations 113 29 and 113 38 This area is characterized by high 
concentrations of 1 1 DCA PCE and TCE wth Total VOC concenrratrons rangmg from about 

3 400 to 6 400 u g L  However soil vapor collected from a 10-foot sample depth indicates elevated 

- - --.wncenmons north of the IHSS boundary whereas elevated VOC s fiom 5 foot sample locahons 

are gmtest wthm the MSS boundary An absena of addmnai SVS data north of sample W o n  

113-46 prevents conclusive evldenoe as to the northern termurus of the subsUff&ce VOC vapor plume 

The southern and central pomons of the IHSS boundary are ch- by relatively low to no 
detected VOC s 

Based on these frndmgs addltlonal SVS samples are recommended to be collected north of the 

northwestern IHSS boundary at locatron 113-46 at both 5 foot and l@fm depths m order to further 

defm the northern termmu of VOC concentrations m this area Also it is recommended that 

additional SVS samples be collected at a ughter grid spacmg (eg 5 foot radius) around sample 

Iocatrons 113-18 and 113 39 located Wfeet west of the eastern IHSS boundary m order to bemr 
define the lateral extent of VOC occurrence m this area 
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3 4  IHSS110 

SVS mvestlgatrve results from prlmary IHSS 110 lndicate elevated VOC conccntrmons m the 

northern viclruty of the existlng SVE mler detected m the range of 100-1 OOO ug/L as Total 

VOC s SVS samples collected from a lO.foot depth rndicate elevated VOC s directly north of the 

current SVE trader loeation however samples collected from a 5 foot depth lndicate elevated VOC 
concentrabons an additlonal 70-feet north and northwest of the SVE trader wthm the IHSS 

boundary Low to no detected VOC s characterrze the eastern half of IHSS 110 

Based on the moderam VOC detechons wthm IHSS 110 rehve to IHSS s 112 and 113 and the 

existmg site coverage of SVS probe samplmg locasrons no additmnal samplmg locattons are 

recommended at this tune 

3 5 IHSS 111 1 

4 AVSdata collected from OU2 alternate IHSS 111 1 (Trench T-4) indicate the presence of elevated 
VOC s p m l y  TCE and PCE along Trench T-4 centered around locatmu 111 1 18 and 111 1 
19 A review of Figures C 38 through C-40 m Appendlx C lndicates that the general area of 
elevated TCE and PCE may extend from l m o n  111 1 20 on the west towards l m o n  111 1 9 
at the east encompassmg an approxunatc length of 150-feet of Trench T-4 Vapor concentrations 

at the eastern and western trench margm am low to nonde$ccted Subsurface VOC conditmns north 
and south of the trench are unknown based on the existmg data 

Based on the elevated VOC conctntrabons detected along an appmxlmate 150-foot length of Trench 

T-4 it IS recommended that addibonal SVS samples be collected at probe locations posiboned along 

an east west trendmg lme at a dwtanoe of 15 feet to 20-feet both north and south of the trench It 

IS further recommended that the SVS probe array extend from l m o n  111 120 at the western 
margm to locatlon 111 1 15 at the eastem margrn m order to evaluate soil vapor condrtlons away 

from the prmciple area of elevated VOC s 
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A modificatron to the above project is recommended to conduct addmonal more comprehensive SVS 

work at the five elevated VOC level contarmnatron areas The results of the additronal SVS work 

wll be mcluded m the OU2 SVS Report by amendment The work w11 M e r  defm the extent of 

the VOC vapor phase m n m o n  m the shallow vadose zone to allow preparation and design for 
the SIX phdse heatmg system mstallatron 
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4 0 " I N G  PROGRAM, OU1 IIISS 119 1 

Included wthm the scope of the OU2 Subsurface IM/IRAP/EA Document was a SVS mvesQgmon 

specified for IHSS 119 1 locased whm OU1 (see Figure 4-1) The ObJeCbve of the OU1 SVS was 

to collect and analyze soil vapor samples m order to map the distributmn and concentrabon of 

potenoal VOC contammmon m shallow (5 feet below grade) soil vapor The OU1 SVS Work Plan 

dated December 1993 set forth SVS program requlrements to be followed throughout the 

mplementation of the OU1 SVS at IHSS 119 1 In general the Health & Safety program SVS 
mvesbgmve samplmg and analytical methodologies and QNQC program elements were idenucal 

to those employed d m g  the OU2 SVS mvagatmn program descrrbed m ssdlons 1 and 2 of this 

document, Specific devmons b m  the OU2 SVS program that were speclfaed tot this OUl SVS 
program are outllned and discussed m the fo lhmg w o n  

Different species of VOC s were expected to be present wthm the shailow soils at MSS 119 1 based 

----on-R~cky Hats records The OU1 SVS program therefore adopted amodified sd of Data Quality 
O b v v e s  Specifically m addibon to the rrrrmmum 8118Eytt list specified ibr the OU2 SVS which 

mcluded the compounds 1 1 DCA Carbon Tetrachlorrde TCE and PCE the OU1 analyte list 
specified the addiuonal analytes 1 1 Dichloroethene (1 1 DCE) and toluene Field laboratory 

m u m  mstrurnent detectmn 1- for each of the s1x OU1 analytes are as follows 

ComDoUnd I2mambm 
1 1  DCA 0 5 ug/L 

ccc 0 2 u g n  

TCE o 5 u g n  

PCE 02ug/L 

11DCE 1 o u g n  

Toluene 1 o u g n  
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The above stated detechon llmrts are based on the results of an Instrument Detecuon L m t  (IDL) 

exercise performed by the mobile laboratory prior to mtmng samplii achvlttes The IDL was 

performed according to SW 846 modified for vapors Method 8OOO second edltlon Some mportmg 

lmts were greater than the nunimum detection lmts listed above This condition arose when 
potential diluuons of soil vapor samples were carried out by the mobile laboratory duMg analysis 
Diluhons were performed on selected samples rn order to keep resultant concentrations wthrn the 
linear range of the mtmment calibtatron curves 

A SVS samplmg grid was established wthrn the urvemgatlon area at MSS 119 1 which mcluded a 

total of 24 mbal SVS samples collected at a 5 foot depth The mtial gnd was constructed as a 
senes of samplrng porn posit~oned along a set of five northeast southwest trendrng 1- parallel to 

the dut road at the southern margrn of the IHSS boundary The resultant probe spacmg lnterval was 

10-feet to 20-feet The type and quant~ty of SVS samples are s- below 

---- 24 ltlltlal SVS sample (5 foot depth) 
0 6 additlonai SVS samples at 5 foot or 10-foot depths to expand grid or ll~masc grid 

density at IHSS 119 1 

4 2 Testmg Program, IHSS 119 1 (OU1) 

The 881 Hillside Area of Rocky Flats Plant designated as OU1 is located on the south side of the 

Rocky Flats Plant sexamty area Several sites are rncluded wthrn this area because of thew physical 

proxmty to & other Figure 4-1 shows the l m o n  of the 881 Hlllrrde Area and highlights the 

Individual Hazardous Substance Site designated as IHSS 119 1 

Sites at the 881 Hillside =re selecsed as High Pr~~nty Sites as a result of Plant wtde charactemon 
activities which showed elevated concentrabons of VOC s in ground water upgradient from Woman 
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Creek The most pronounced orgmc conmunabon is m the east m o n  of the 881 Hillside Area 

mthegeneralareaofIHSS1191 wthPCE TCE 1 1 D C E  11DCA 1 1 l T C A  1 2 2 T C A  

and CCl, reachmg several thousand ug/L III many samples In addiuon toluene was detected m soil 

samples durmg the French Dram Geotechnrcal Invesugation and wthm surface water at many 

samplmg stations (DOE 1993) 

B e g m g  1111967 the area east of Buildmg 881 designated as IHSS 119 1 located along the southern 
permter road was used as a barrel storage area The barrels conwed unknown quantities and 

types of solvents and wastes Barrel storage m this area was disconmued and all barrels were 

removed by 1972 

4.2.2 I n v w  ve Summarv and Results (IHSS 119.1) 

The SVS mvestigmons at IHSS 119 1 were completed durmg December 23 through December 31 
1993 encompassmg the collmon and analysis of an mud24 SVS samples and an additional 6 SVS 
samples The SVS sample l m o n  strategy employed a triangular grid approach where northeast 

- ---soufhwesf oriented rows of samplmg l m o n s  were posit~oned parallel to the dtrt road m order to 
provide effectwe site coverage (see Figure C-41) Four of the mal SVS samples were positioned 
along the dlrt road located outside of the southern IHSS boundary These probe locations were 
designed to evaluate whether or not the dut road served as a historic VOC source 

Based on the analyucal results of the 24 mual samples an addibonal4 samples were collected from 

a 5 foot depth and 2 addiuonal samples were collected from a 1O-fod depth (see Figure C-41) The 
5 foot addiuonal samples were designed to collect SVS data along the eastern margm of the mtral 

probe array while the 10-foot depth samples were posiuoned at areas of elevated VOC detections 

m order to evaluate elevated VOC s as a funcuon of depth The resultant grid spacmg at IHSS 119 1 

was lo-feet to 20-feet 

The SVS analyucal data for the OU1 IHSS 119 1 SVS mvwtigmons are presented m Table 4 2 2 
The OU 1 IHSS 119 1 contour maps which present the four above mentmmd analytes m addiuon 
to the compounds toluene and 1 1 Dichloroethene (1 1 DCE) are presented in Appendix C as Figures 
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C-42 through C-48 

Review of Table 4 2 2 data mdicate that overall soil vapor concentrmns detected from samples 

collected at IHSS 119 1 were relatwely low rangmg from not detected to a maxmum of 198 u g L  

for Total VOC s at sample l m o n  119 1 20 TCE was the most frequently detected compound 
where the locations exhibibng the greatest TCE concentmtmns were typically acoompatwd by 

elevated levels of 1 1 DCA and PCE Detemons of 1 1 DCA and CCI, ranged m the umts to tens 

of ug/L 1 1 DCE was not detected from any SVS samples whik toluene was detected at a 

concentraon of 17 ug/L at a smgle location (119 1-66) 

1 1 DCA was detected at a total of eight sample loczmons wthm the IHSS 119 1 UrVtstlgatiOn area 

The occurrence and distnbuuon of elevated 1 1 DCA concentdons was lirmted to three locabons 

wthm the mvesQgated area specifically at 119 1 5 119 1 20 and 119 1 22 all posi&med wthh 24 
feet north of the dut road (see Figure C-42) Both north and south of these Iocatmns 1 1 DCA 

concentrauons were rrrrmmal to not detected 

--€€4was detsted at atotal of fout sample locatrons at low Ttmhighe8tdatoctad 

levels of CCI, were confintd to two locatrons 119 1 7 and 119 1 23 locased at the western margm 
of the lnvestlgatlve grid 20-feet to 30-feet north of the dut road at c o n m o n s  of 17 and 29 

ug/L respeavely Owmg to the lack of additronal SVS data to the west m the area of borehole 
1074 no conclusion can be drawn as to the potentnl of CCG concentratmu rn this area (see Figure 

C-43) 

TCE concenmons detected at IHSS 119 1 r e d  moderate to not detecbed rangmg from a 

maxunum of 132 ug/L & locatmn 119 1 20 to below detection Imts The occurrence and 

distribuuon of moderately elevated TCE concenmons m shallow soil vapor at IHSS 119 1 
resembles that of 1 1 DCA where sample locatrons 119 1 5 and 119 1 20 posiWmed north ofthe 

dut road idenufy the highest TCE areas SVS data collected at a 10-foot depth from sample 

l m o n s  119 166 and 119 1-65 comcident wth Iocahons 119 1 5  and 119 120 respectwely 

lndicate reduced TCE c o n m o n s  wth depth 

012975D1\ooQ5\o2149401 DS 4-6 



The highest detected PCE occurred at location 119 1 10 at a concentration of 28 ug/L which is 
positroned north of the historic bormg 4387 PCE was also detested at sample location 119 1 5 at 

5 feet at a concentration of 19 u g L  and at 10-feet at comcident location 119 1 66 at a concentrauon 

of 20 ug/L At sample l m o n s  positioned radially away from these areas FCE is shown to 

dlmuush to low or no detected levels 

A smgle detection of Toluene was noted from sample location 119 1 66 at a l@foot depth with a 
corresponding concentration of 17 ug/L No other toluene was detected in soil vapor samples 
collected during this SVS investigation The absence of any other detections of toluene at this site 
lmts any further discussion of subsurface distribution 

In general areas of elevated Total VOC levels are closely related to locations exhibitmg elevated 

TCE and 1 1 DCA concentratlons which together constitute the majonty of VOC s detected at the 

site The exception to this trend is the area along the western margm of the mvestigation area at 
locations 119 1 7 and 119 1 23 where CCl, and TCE levels comprise the prlmary VOC s 

4.2.3 T.I.C. s 

No tentatively identified compounds other than the prunary SIX andytes were detected above 20 ug/L 

in soil vapor collected from sample locations within IHSS 119 1 

4.2.4 Summarv and Co nclusiom 

The overall magmtude of VOC s detected m soil vapor at IHSS 119 1 lndicate low level 

contammation of shallow soils m locallzed areas VOC concentratlons are shown to decrease with 

depth from 5 feet to 10-feet Of the thirty locations tested approximately 23 percent resulted in 

Total VOC values greater than 20 ug/L and three of the Total VOC values were reported above 100 

ug/L Sample 119 1 20 reported 132 ug/L of TCE and 66 ug/L of 1 1 DCA and represents the 

location of the highest contamuratron recorder during this mvesugaon Based on the low levels of 

VOC s detected from the shallow soils at IHSS 119 1 no further probe locations are recommended 

at this site 
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Final phase I11 RFI/RI Report Rocky Flats Plant 881 Hillside Area (OU1) U S 

EG&G 1993 Flnal Soil Vapor Survey Work Plan Subsurface Interm Measures- Remedial 
Actlon 903 Pad Mound and East Trenches Area Document No 21OOO-WP OU 02 06 EG&G 
Rocky Flats/Envuonmental Management Rocky Flats Plant Golden Colorado January 12 1993 

EG&G 1993 Project Specific Health & Safety Plan for Soil Vapor Survey Work Plan Subsurface 
IM/IRA 903 Pad Mound and East Trenches Areas (OU2) EG&G Rocky Flats Rocky Flats Plant 
Golden Colorado May 13 1993 

EG&G EMD Operamg procedures Volume I Field Operat~ons Manual No 5 21000-OPS FO 
EG&G Rocky Flats Contracted Document 

EG&G Health & Safety Practices Manual EG&G Rocky Flats Plant Controlled Document 
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APPENDIX A SVS PROGRAM QA/W ANALYSIS 

INTRODUCIlON 

The SIX primary elements ccmprising the OU2 SVS Subsurface IM/IRA Program DQO s were 
summarlzed and described m Section 1 2 2 of this document and are listed below 

Data UsesIUsers 
Data Types 
Data Quality 
Data Quantity 
Sampling and Analytical Approach 
PARCC Parameters 

A discussion of the SIX elements relative to the SVS program unplementatton follows 

Data Uses/Users Soil gas samples were collected and analyzed m an on site mobile laboratory 
to provide qualitatwe data on VOC s 111 the unsaturated zone at each of the 
five IHSS s within OU2 Data was used to locate areas of elevated VOC s 
and to locate pilot umt vapor extraction wells 

Baselme grab samples of soil gas were collected along established and 
approved mitial sampling grids Deta11ed soil gas samples were collected at 
pre approved locatrons which were designed to expand the Baseline grid or 
mcrease the grid density at areas exhibitmg elevated VOC concentrmons 

Data Quality 

a) Prioritized data uses 

- 
- 

Location of areas of elevated VOC s 
Location of pilot umt vapor extraction wells 

b) Appropriate analytical level 

- Level I1 mobile laboratory GC 

c) Mmimum Analyte List 

- OU2 Carbon tetrachloride (CC# tetrachloroethene (PCE) 
trichloroethene (TCE) and 1 1 Dichloroethane (1 1 DCA) 

- O U 1  (CCI,) (PCE) (TCE) ( 1  1 DCA) 1 1 
Dichloraethene (1 1 DCE) and Toluene 

d) Detection Limts 
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M i m u m  instrument detection lirmts for the mitial SVS ranged from 1 0 ug/L to 20 ug/L 
depending on the analyte screened for durmg the analysis Minimum instrument detection 
limits for the follow up SVS were as follows 

ComPound Detection Limit 
1 l D C A  1 Oug/L 
TCE 0 1 ug/L 
PCE 0 1 ug/L 
CCL 0 05 ug/L 
1 1  DCE 0 5 ug/L 
Toluene 1 0 ug/L 

The above stated detection limits are based on the results of an Instrument Detection Limit (IDL) 
exercise performed by the mobile laboratory prior to imtiating sampling activities The IDL was 
performed accordmg to SW 846 modified for vapors Method 8000 second editton Some reporting 
lmts were greater than the minimum detection lirmts listed above This condition arose when 
potential dilutions of soil vapor samples were carried out by the mobile laboratory durmg analysis 
Dilutions were performed on selected samples in order to keep resultant concentrations withm the 
linear range of the instrument calibration curves 

Data Quantity 

e Baseline sampling grid for prlmary sites (119 samples) 
- IHSS 112 64 samples (5 foot depth) 
- IHSS 113 33 samples (5 foot depth) 
- IHSS 110- 22 samples (5 foot depth) 

Baseline sampling grid for alternate sites (36 samples) 
- IHSS 109 14 samples (5 foot depth) 
- IHSS 111 1 22 samples (5 foot depth) 

e 

e Total of 34 additional Detailed samples at the five OU2 IHSS s to expand grid or 
increase grid density on site depending on results from Baseline samples 

- IHSS 112 8 samples 
7 samples (5 foot depth) 
1 sample (10 foot depth) 

4 samples (5 foot depth) 
13 samples (10-foot depth) 

IHSS 113 17 samples 

- IHSS 110 7 samples (10 foot depth) 
IHSS 11 1 1 1 sample (5 foot depth) 
IHSS 109 1 sample (5 foot depth) 

Sampling and analysls approach 

Shallow soil gas samples were collected by mserting a soil vapor probe to depth of either 5 feet or 
10-feet below grade (see Section 2 1 1 1) Each sample was collected and analyzed for the minimum 
analyte list presented above within two hours from sample collection 
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PARCC parameters 
a) Precision 

- Field Duplicate f20% RPD - 
b) Accuracy 

- Calibration standards &20% RPD - 

Laboratory Replicate analysis *lo% RPD 

Analysis once dally of independently prepared gas standard f30% 
RPD 

Adherence to 3dimensional sampling locations and procedures 
specified in Fmal Work Plan 

c) Representativeness 

d) Completeness 
- Laboratory completeness 95 % 
- Field completeness 90% 

- e) Comparability 
Adhere to analytical protocol specified in Frnal Work Plan 

The followmg sectlons present the analysis of the PARCC parameters associated with the OU2 SVS 
Final Work Plan requirements 

Precision 
Accuracy 
Representatweness 
Comparability 
Completeness 

Precision 

Precision is a measure of agreement amongst individual measurements of the same property under 
similar conditions Precision IS expressed in terms of Relative Percent Difference (RPD) between 
duplicates As a means of  evaluatmg the precision DQO index a series of tables have been prepared 
which are presented in this appendlx Each set of tables presents analyt~cal results for selected SVS 
samplmg locations and the compondmg Field Duplicate and Laboratory Replicate analyt~cal results 
for specific sample locations that underwent QNQC samplmg The Relave Percent Difference 
(RPD) expressed as a percentage of deviation was calculated for each data set using the followmg 
relationship 

RPD (96) = (Sample QA/QC)/[l/2*(Samp + QA/QC)] 
where 

Sample refers to the sample analytical value (ug/L) 
QA/QC refers to the Duplicate or Laboratory Replicate analyt~cal value (ug/L) 

The resultant RPD value was compared aganst the DQO s targeted for the OU2 SVS Program which 
are as follows 

Field Duplicate f 20% RPD 
Laboratory Replicate f 10% RPD 

I 
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A total of 19 Field Duplicate samples were analyzed during the SVS mvestigatrve activities Tables 
A 1 through A 10 present a summary of the RPD calculations associated with Field Duplicates and 
Laboratory Replicate analyses A Field Duplicate was collected m the fe ld by filling two sampling 
contamers connected in series from a single sample location This QA/QC sample type is designed 
to identify precismn in the field sample collemon procedures As can be seen from the attached 
tables 10 of the 19 Field Duplicate samples fell within the 20% precision criteria The remaning 
9 samples exceeded this criteria by varying amounts 

A Laboratory Replicate sample refers to two consecutive analyses of a single specific sample This 
QA/QC sample type is designed to identify precision within the mobile laboratory A total of 11 
Laboratory Replicate analyses were completed during the follow up SVS activities 6 of the 10 
Laboratory Replicate samples were within the f 10% criteria The remaining 4 samples slightly 
exceeded the f 10% criteria In each of the cases where the f 10% citerion was exceeded the 
calculation was based on relatively small values The relative percent difference (RPD) between 0 3 
and 0 4 ug/L is much greater than the difference between 9 3 and 9 4 ug/L even though both are 
reported to the same number of sigmficant figures Moreover 0 3 and 0 4 ug/L as analyt~cal 
concentrations are in fact the same value statmcally The f 10% RPD criterion is only 
meaningful at concentration values greater than 1 ug/L 

Applying this argument to the existing Laboratory Replicate results it is evident that three of the 
instances where the f 10% RPD criterion was exceeded were confined to sample values that were 
detected at concentrations at or below 1 ug/L (see Tables A 3 and A 8) and the fourth instance 
(Table A 10) occurred at a sample concentration of 2 ug/L Applying this same rationale to Field 
Duplicate samples it is evident in Tables A 1 A 4 and A 9 that three cases of f 20% RPD 
exceedence were attributed sample values at or less than 4 3 ug/L 

Accuracv 

Accuracy is defined as the degree of agreement of a measurement (or measurement average) with 
an accepted reference or true value It is a measure of system bias and is usually expressed as a 
percentage of the true value Accuracy criteria are stated in the Final Work Plan and are listed as 
follows 

Calibration Standards & 20% RPD 
Analysis once dady of independently prepared gas standard f30% RPD 

The mobile laboratory analyzed calibration standards contaming each of the primary analytes as a 
minimum prior to initial sample analysis and at the beginning of each days work following initial 
instrument calibration Instrument calibration involved the generation of a four point calibration 
curve with a correspondmg correlation coefficient of at least 0 99 Followmg mitial instrument 
calibration to each of the mmmum list of chemcal analytes ongoing calibratron checks were run 
at the beginning and at the end of each day of analysis as a minimum If these criterion were not 
met by the mobile laboratory in all cases the instrument calibratlon was repeated This step ensured 
that the accuracy criteria were met for the SVS Program at all times 
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In addition to mstrument calibration p d u r e s  Field Equipment Blanks and samplurg contluner 
blanks were collected at regular mtervals in order to quantify potential background contarmnation 
within the samplmg system A quantity of 58 Field Equipment Blanks were collected throughout the 
SVS Program in order to routmly evaluate potential contamination during SVS sampling activities 
Of the 58 Fieid Equipment Blanks collected and analyzed the vast majority indicated no detected 
contamination while a total of 3 mdicated contamination in excess of 1 0 ug/L Blanks designated 
as B 19 and B 20 collected during Baseline sampling in IHSS 110 on 6/9/93 mdicated detections 
of FCE at 2 5 and 2 0 ug/L respectively Corrective action mcluded thorough decontamination 
procedures prior to additional sample collection The third case occurred on 11/8/93 during Baseline 
sampling in IHSS 111 1 where PCE was detected at 12 ug/L and TCE was detected at 2 3 ug/L 
Following collection and analysis of an ambient au blank at IHSS 111 1 it was deterrmned that PCE 
was present in the air space likely related to off gassing from the slte soils 

Sampling contamer blanks were analyzed routinely in order to evaluate potential contamination that 
the sample contamer may pose to the analytical system No sample contaurer blanks showed 
contamination above detemon limits 

Representativeness 

Representativeness expresses the degree to which data accurately and precisely represents a 
characteristic of a data population process condition sampling point or an environment 
Representativeness is a qualitative parameter of the SVS Program which is evaluated through 
adherence to the sampling program No deviations from the SVS program were noted during the 
investigatwe efforts Therefore the SVS data is qualitatively designated as representative with 
respect to the sampling activities 

Corn parabili ty 

Comparability is a qualitative parameter expressing the confidence with which one data set can be 
compared to another To achieve comparability for the SVS Program similar reporting units 
analytical protocol sampling depths and DQO s were utilized 

Completeness 

Completeness is a measure of the amount of valid data obmned compared to the amount to be 
expected under normal correct condibons As a measure of completeness for the SVS Program all 
of the scheduled Baseline and Detailed SVS sample locations were sampled and analyzed which 
translates to 100% completeness The frequency of Field Duplicate collectron was 19 Duplicates per 
218 SVS samples collected which translates to 87% completeness compared to a targeted criterion 
of 90% Laboratory Replicate analyses were specified as 10% of the total sample quantity Durmg 
the follow up SVS amvities 11 Laboratory Replicates were analyzed amongst 99 sample collections 
exceeding the 10% criterion Therefore Laboratory completeness for the follow up SVS activities 
is expressed as 100% 
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TABLE A- 1 IHSS 1 12 FIELD PARCC ANALYSIS 

1 74 ' 
67 

9 93 

0 
0 

0 
0 

000 

15 77 

112-5 
1'2-5D 

1 12-21 
112-21 D 

112-40 
112-40D 

112-50 
112-50D 

1 112-54 
112-54D 

112-67 
112-67D 

DATE RPD (%) 1 1-DCA cc14 TCE PCE 

DATE 

1 

06/23/93 
06/23/93 

06/29/93 
06/29/93 

07/01 193 
07/01 193 

07/02/93 
07/02/93 

07/06/93 
07/06/93 

1 1 /I 0193 
1 111 0193 

I 

RPD (%) 

RPD (%) 

RPD (%) 

RPD (%) 

RPD (%) 

RPD (%) 

112-67LR 

11-DCA 

1 111 5/93 
1 111 5/93 

~~ ~ 

0 
0 

000 

150 
420 

94 74 

74 
67 

9 93 

0 
0 

0 00 

0 
0 

000 

0 
0 

0 00 

I 
0 156 1 4  6 8  
0 151 1 4  6 6  

RPD (%) 0 00 3 26 000 2 99 

cc14 

100 
76 

27 27 

50 
58 

14 81 

0 
0 

000 

0 
0 

000 

0 
0 

000 

0 
0 

000 

fCE 
~~~ 

0 
0 

0 00 

0 
0 

000 

0 
0 

000 

0 
0 

000 

0 
0 

000 

0 97 
1 2  

21 20 

~ 

0 
0 

0 00 

0 
0 

000 

0 
0 

0 00 

0 
0 

0 00 

0 
0 

0 00 

1 25 
1 4  

11 32 

TABLE A-2 IHSS 112 LAB PARCC ANALYSIS 

1 1 /10/93 
1 1 /lo193 

RPD (%) 

0 
0 

0 00 

0 
0 

0 00 

1 2  
1 3  

800 

1 4  
1 5  

690 

164 7411 2 
1591 

322 



I 

11-DCA 

0 
0 

000 

11 
11 

000 

TABLE A-3 IHSS 109 LAB PARCC ANALYSIS 

CC14 TCE PCE 

0 1 0  0 4  
0 0 8  0 3  

0 00 2222 28 57 

0 72 0 3  
0 68 0 4  

0 00 5 71 20 57 

SAMPLE ID 
I 
I 

DATE 

1 09- 9 
109-9LR 

109-15FR 
109- 15LR 

RPD (%) 

RPD (%) 

1 1 /12/93 
11/12/93 

01/03/94 
01/03/94 

TOTAL VOC S 

1 4  
1 1  

24 00 

833 
79 4 
4 79 

I 



TABLE A-4 IHSS 113 FIELD PARCC ANALYSIS 

TCE PCE TOTAL VOC S DATE 

113-3 
113-3D 

I 

113-33 
1 13-330 

113-37 
113-37D 

113-36 
113-460 

06/16/93 
0611 6/93 

06/14/93 
0611 4/93 

1 0/29/93 
10/29/93 

12/30/93 
1 2/30/93 

0 

000 

0 
0 

000 

0 
0 a 

0 00 000 

0 0 
0 0 

000 

0 a 

1 
0 00 

I I I  

0 
0 

000 

0 9  
4 3  

13077 

113-47 
113-47LR 

SAMPLE ID 

12/30/93 
12/30/93 

DATE 

RPD (%) 

RPD (“3) 

RPD (%) 

RPD (%) 

1 1 3- 37D 
1 13-37LR 

11-DCA 

1 0/29/93 
10/29/93 

0 
0 

000 

0 
0 

000 

0 
0 

000 

260 
280 
7 41 

cc14 

0 
0 

000 

0 
0 

000 

0 
0 

000 

46 
52 

12 24 

0 9  
4 3  

130 77 

TABLE A-5 IHSS 113 LAB PARCC ANALYSIS 

I 

I 
0 
0 

000 

00 
0 

000 

PCE 
~~ 

4 3  
4 3  

000 

115 
117 
1 72 

409 T 248 

I 



TABLE A-6 IHSS 1 10 FIELD PARCC ANALYSIS 

SAMPLE ID 

110-4 
110-40 

110-8 
110-8D 

110-13 
110-130 

110-20 
1 10-20D 

DATE 

0611 1/93 
0611 1-193 

06/07/93 
06/07/93 

06/07/93 
06/07/93 

06/04/93 
06/04/93 

RPD (%) 

RPD (%) 

RPD (%) 

RPD (%) 

11-OCA 

200 
320 
000 

140 
140 

000 

0 
0 

000 

0 
0 

000 

cc14 

46 
77 

50 41 

11 
11 

000 

0 
0 

000 

0 
0 

000 

TCE 

1 2  
1 1  

8 70 

7 2  
6 6  

8 70 

0 
0 

000 

0 
0 

000 

PCE 

29 
34 

15 87 

140 
130 

7 41 

0 
0 

000 

0 
0 

000 

TOTAL VOC'S 

276 2 
432 1 
4402 

298 2 
207 6 
362 

0 
0 

000 

0 
0 

000 



111 1-7 
111 1-7D 

111 1-19 
111 1-19D 

111 1-20 
111 1-200 

111 1-21 
111 1-21D 

19 05 

0 5  
0 5  

0 00 

02 
02 
000 

0 
0 

000 

111 1-1 
111 1-1LR 

111 1-8 
111 1-8LR 

36 96 

1390 
1 670 
18 30 

110 
151 

31 42 

0 8  
0 

20000 

DATE 

11-UCA cc14 TCE 

I I 

1 1/08/93 
1 1 /08/93 

1 1/05/93 
1 1 /05/93 

1 1 /OW93 
1 1 /OW93 

1 1 /05/93 
1 1 /05/93 

PCE TOTAL VOC'S 

TABLE A-7 IHSS 11 1 1 FIELD PARCC ANALYSIS 

DATE 

RPD (%) 

RPD (%) 

RPD (%) 

RPD (%) 

HPU (%) 

11-DCA 

0 
0 

0 00 

0 
0 

0 
0 

0 00 

5 0  
59  

171 

0 
0 

000 

0 
0 

000 

0 
0 

000 

5 8  
5 8  

0 4 '  
0 3  

28 57 

17 6 
17 1 

PCE 

TABLE A-8 IHSS 11 1 1 LAB PARCC ANALYSIS 

83 
95 

13 48 

3500 
4000 
13 33 

896 
640 

3333 

4 4  
1 5  

98 31 

I 
1 1 /03/93 
1 1 /03/93 

RPD (%) 

1 1 /08/93 
1 1 /08/93 

RPD (%) 

1067 
782 

3083 

4896 3 
5676 4 
14 76 

10062 
791 2 
23 92 

5 2  
1 5  

11045 

0 
0 

000 

430 
423 

0001 0001 1 64 

0 4  
0 3  

28 57 

453 4 
445 9 

2881 16711 
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APPENDIX B SVS PROGRAM HEALTH AND SAFETY 

A comprehensive Project Specific Health & Safety Plan (PSHSP) document was prepared and 
clrculated for review and approval prior to initiating field activities The PSHSP provided detailed 
health and safety guidance for the implementation of soil gas investigations of subsurface VOC s at 
the 903 Pad Mound and East Trenches Areas at the RFP Specific sections within the PSHSP 
included discussions of the following elements 

B1 HazardAssessment 

The PSHSP included a demled description of the potential physical chemical biological and 
radiological hazards expected during the field work No unexpected hazards occurred or were 
encountered during the field work 

B 2 Site Control Requirement and Radiological Control Area (RCA) 

Each SVS site was divided into three basic zones 1) Exclusion zone 2) Contammation Reduction 
Zone and 3) Support Zone The exclusion zone mcluded areas of high physical chemical or 
radiological hazards Only authorized personnel were permitted within the exclusion zone 

Areas that were determined to be potentially contaminated by radiation were called Radiologically 
Controlled Areas (RCA) Unless the boundaries of the RCA were already posted the RCA was 
considered the same as the exclusion zone A Radiation Work h m t  (RWP) was issued for all 
activiues conducted in known or suspected areas of radiological contarmnation A RWP is required 
as part of the EG&G Health & Safety practices Manual Sectlon 6 7 

A step off pad was established within the Contamination Reduction Zone unmediately adjacent to the 
boundary between the Contamination Reduction Zone and the Support Zone It is at this pad that 
each worker was thoroughly screened for the presence of radiological contamination prior to 
stepping of into the Support Zone 

B 3 Preliminary FIDLER Survey 

FIDLER surveys were performed by EG&G Radiological Engineering approved Health & Safety 
Specialist (HSS s) in accordance with EMRG 6 6 All FIDLER readings were recorded on Form 
6 6A as specified in EMRG 6 6 The purpose of these surveys was to ]dent@ any potential 
radiological anomalies i e locate hot spots An anomaly m this context is specified in EMRG 6 6 
and OPS FO-16 as twice the background value as determined by the FIDLER instrument FIDLER 
determined background values collected during implemntauon of the FIDLER surveys ranged from 
960-1 115 counts per m u t e  This range of values translates to trigger polnts of 1920-2230 counts 
per minute The range of FIDLER values measured at SVS sampling points was 752 1845 counts 
per minute as recorded in the OU2 SVS field logbook No F'IDLER readings were noted to exceed 
the trigger points established by the RFP Radiological Engineering Department 

B1 
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Field momtormg was conducted by the Health & Safety Specialist (HSS) approved by Radiological 

Management Radiological Guidelmes Manual All personnel material and equipment were 
momtored pnor to leavmg known or suspected areas of radiological c0-n 

Englneerurg All llM3NtOmg aCtlVitW4 Were conducted m accord- Wth the bVKOnmCntd 

B 9 Health and Safety Audrt 

The subcontractor performed work in full compliance as per the health and safety audit conducted 
by Radiological EngIneermg Industrral Hygiene and Occupahonal Safety on November 4th and 8th 
1993 The audit was 
conducted rn accordance wttfi the Health & Safety Ract~ces Manual (HSP) 21 03 Hazardous Waste 
Operat~ons Program which requuw quarterly audits of all E n v m h  Restoratlo aManagement 
(ERM) field propcts 

The audit included a revrew of requued records and a field mspectlon 

01297501\ooan(12149401 DS 

^I 

B-3 



R 
N 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

A 
s 

a 
u 

r 
b a 
A 51 

53 
I 

a 

a 
Y 

i3 
a 

A a 
0. N c 

a 3  
111 

5% 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-1 
I 

I 
I 
I 
I 
I 
I 
I 

El 

3 



I 
I 
I 

4 
9'1 

&3 
I 

I 
I 
I 
I 
I 
I 
I 

i 

ij 

t 
j 

! 
I- 

i 
! 

! 

I 

I 
I 



tit! 

c/) 

d 

I= 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I 
I 

! 
i 
I 
I 
1 

i 

I 

I 

I 



34 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

d 
g-l 

dl 
I 

I 
I 
I 

-L 

1- 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

R s ,  

a 
g?3 

A 

a 

a 
g ,  



----- 18. 
I 

-- 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I m m 

g r  
a 

gal 
R 

grsl 

-- 
I f I 



! 

E' 
z 

i 

i i 

! 

i 

i 
j 

I 

I 

! 

t 

i 

I 
I 

!& . 
P 

34 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
id 

- E l  

s 3  
I 

I 
I 
I 
I 
I 
1 

* I  
I 
I 

a 
E s  

A Er I 
c/) 
v, 

E 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

i3 I 
I 

I u u 
cn 
CJl 



\ 

i 

j 

.. r: 
I_.  

i 



4. 

t 

i 

I 
i 

i 

I 
I 
I 

! 

i 

i 

t 

I 
%i i 

1 
3 1 

i 
I 
j 

! 
\ 
i 
i 
i 

! 

I 

I 

I 

! 

i 

I 
I 
I 

i 

i 
i 
i 



\ 

' \  

L&3 E 

F 
I 

i 
i 
I 

I 
! 

I 

i 
I 

I 

I 



I '  
4 1 =- 



8, 
? 
t 

\ 
t, 
\ 

\ 

,\ 
' \  

L' e f 

P 
? 
? 
b 

t 

0 
i 

i 
t 
P 
i 
t + + 
e 
I 

: 
t 
i 
I 

9 

i 

i 

? 

* 

i 
i 
t 
I 
! 

I 

! 

i 

: 
I 

[ 

I 

i 

f 



i 
i 
t 

8 u 

s 
t ,  

i 



I 
1 

I 
/ 

\ 
\ 
1 
\ 
\ r z  

\ 
' \  

\ 
\ 2 
\ \\E 

\ 

P 
F5 

a 
N 

P cn 

\ \  \ 

\\ \ 
\\Z \ 

\ 
\ 
\ 
\ 
\ p  
\ %  
\ 
\ 
\ 
\ 
\ P  
\ &  

\ 

\ 
% 

B 
Gi 

a 
c 

E 

P e 
9 
M 

\ 

\ F \ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 2 \ 

& \ 



l l  PROTECTED AREA 
/ J \  

\ 
\ 

Y 
d 8 

F a pz 
\ 
\ =  
\ "  

\ 
853 

\ 

e \ 
\ 2 \ 

\ 
\ 
\ 

0 
a - 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

e* a 

6 

P 

6 

P * 
\ 
\ \ e  

\ 9  \ w  
\ 
\ 
\ 

\ 
rs \ 
8 \ ?! w 

\ 
g \ 

\ 2 \ 
\ 
\ e  

\. z 



\ 
\ =  \ g  

\ 
\ 
\ 

' \  I 

\ 
\\ \ \ 

\\ =a\ a 
\ 
\ 
\ 

a 
N N 

6 

a 
CI. 

e 
a 
a5 

e 

2 

a 
a 

g 
a 
U 

B 

9 
Y 

\ 
\ 
\ 

\ 
g \ F \ 

\ 

\ 
\ 
\ 
\ 
\ 

t 

9 s 

6 

2 

\ 
\ 
\ 

\ 
\ 
\ 
\ 
\ 

I 

I 

I 

i 

: .  



I 

I \ I k' 
\ $  

,' \ 
\ I \ 

g 
a 
N 

I I ' 2 \  
\ \  g 

s 
N N \ \  \ 

e 

\ 

\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ '  

\ 
0 \ \ \  s ?\ 

\\ \ gs a 5  55 
P 

\ 
\ 

P ia 

\ 

\ SF \ ! s  
\ 
\ 
\ 
\ 
\ 

/ 
/ 

\ 
\ . A  

\ 

\ f 



PROTECTED AREA 

/ 
/ \"I1 

I 'I'I 
~.\\1111 

/ 
g 

/ 1. E5 / 

- - .. - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - 

I N  

\ 

I 

1 

-- 

\ g  \, a \ 

f 
I 
I 

i 

! 
I 
I 

P a g 

P ia 

%\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

E \ 
\ 

8 ,  \ 3 \ 
\ 
\ 
\ 
\ =x 

I #. 
<A 



I 

I- 
/ 

/ 

C 

9 
c? 

\ 
1 
\ 
\ 
k g  

\ 
\ N 

\ %  B 
a 

\ 

b 

\ g  \ 
‘ a  

6 
a 
s 

\ 
% \ 

\ 

\ 
P rD 

\ g 

i a 

6 
a 
v 

e 
i= 
a 

g 

P Y 

\ 
\ 
\ 
\ ==t 

\ ;  
\ 
\ 
\ 
\ 
\ 

\ 

\ . 

B 

P 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
! 

\ 

\ 
i 
\ 

\ 
\ 

h, \ 
3 \ 

\ 
E \ 

$ a  \ 
\ t 

el- 
l 



I 
I 

\ 
\ 
\ 

-- , 
\ 
I 
\ 
\ '  
k 
\ 
\ 
\ 
\ 

, 

\ \ 
\ 
\ 
\ \ 

\ 

\ 
\ 

\ 
\ 

\ 
\ 
\ 
\ 
\ 
\ 

e -  
a 
w 

\\' 
4 \ 

\* 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ 
! 

i 
\ 
\ 
\ 

+j \ 
\ 

\ 

\ 
\ 
\ 

\ 



\ 

t PROTECTED AREA 

\ 
\ , 
\ 
\ 
\ 
\ 
\ 
\ 
z 
' \  

' \  
\ 
\ 

b 

\\ \ \ 
\ \  \ 

\ \ 

\ '  
\ \ 

\ \ 
\ 

\ 
\ 
\ 
\ 

e 
P 
B 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ bg \ 

\ 

\ 

I el- 
l 



I 

I 
I 

I 
I 
I 

i 
I 
I 
I 

I 
I 
I 

I 

I 

1 I 

\ 
\ 
\ 
\ 
\ 
\ ,/ 

I \  

k 
\ 

' \  
' \  
, \  

\\ \ \ 
\ \  \ 

' \  
1 

#-- 

\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
i 

I 

\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 

\ 
\ 
\ 
\ 

bg \ 
\ 
\ 

\ 

I 
/ 

\ 
/ 

\ / -  



\ I  PROTECTED AREA 

\ 
\ 
\ 
\ 
1 
\ 
\ 
k 

, \  
\ 
\ 

' \  

\\ \ \ 

e -  
w ? 
cn 

n 

6 

, 

\ 
1 
\ t 
i3 
%\ 

\ 
\ 
\ 
\ 
\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
i 
\ 
i 
, 

\ 

1 

\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 

I 
I 
1 

i 
I 

I 



/ .  
- - ;  

i 

, 

\ 

, 

\ 

\ 

?, 
.\ 
'I. i \ 

\ \  \ \ 
\ 

i \  \ 

i\! \ 
i \ 
\ 

i 
\ 
\ 

\ 
\ 
\ 

\ 

, 
.i 
i 
! 

w Ln 3 
%\ 

\ 
E \ 
P \ 

\ 
u 

\ 
\ 
\ 

\ 

\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 
\ 
\ 
\ 



t 
N L P 
8 8 

cn 

8 
N 

a 
w 

t 

\ 

\ 
\ 
\ 
\ 
\ i 

! 

I 

\ I  
\ I  

\ 
' I  

I 

I 
I 
I 

I 

I 
I 



t \ "  g i 
i i s  
t s  ?S t 

s 
P 



\ 
\ 

i 



'. 
\ 
\ 

\ 

'. 



B 
-4 
P 

\ 



/? 6 

\ 
\ '\ 

\\ 

\ 
? 
a 
\ 

i / 

i 

j 

! 
! 
I 
I 

i 
1 
I 
! 
i 

I 



N cn 
8 

k 
8 

\ 
'\ 

j., 

0 

P 
5 



s 
d 
N c 



c 
m 

52  
8 

i 
i 

t 
i + 
t 
? 

i 

t 

? 
i 

t 
i 
i 
i 
i 
i 

\ 
'\ 

\ 
\. 
'\, 

'g 
U 
e 

! 

'\ I 
I 

i \ 
\, 
\ 

i 
I 
i 

1 
! 
I 
j 

i 

i 

i 

i 
i 
I 

I 

I ! 

I 

I 



I t ? 
t i 

i 
i 
i 
i 
4 
i 
i i 

\ i 
i b 
t i 

t 

t 
9 

\ 
i i 

b 

P, 

hl d 
c 

s 
4 
%? 

\ 
\ 

'\ 

i. 
'\ 

I 

I 
i 
i 
! 
I 
i 
I 

i 
I 

j 

'a 
5 
P 

\, I 

1 ! 
i i 

! 
\ 
\ I 

j 

i \ 
\ I 

! \ 
\ 

\ I 
'x i 
' i  
\i i 

i 
I 
i 

i 
I 
i 
I I 
i 

'\ ' \ !  

! 

I 

I 

kkJ 2s i 

I E4 

! 
! 



b h  
N P 
U kz 8 

! 

i 

i 

i 
t 
i 

i 

<\, 

\ ? 
Q ? 
i i i 
t 
t 

i 
\. 

'0 
P U 9- 



b e 

2s' 
3 '  

\ \s 
\ &  

i 

\ 

e, 

i 

I 

i 
I 

I 



E. 
I 

P 
E 





3, c 

I 

\ 

! 

i 
! 
I 



1 \ \  

E' \ 

I 

I 

I 
! 

1 

I 

Y 



!, 

, 

I 
j 

I 

I 

! 

1 
i 
! 

i 
I 

I 
i 

! 
! 

I 
I 

I 

I 

I 

I 
I 

I 

! 



\ 
\ 
\ 
\ :  
\ -  
\ 
\ 

0 
/ / 4  \ 

0 ' \  
0 

0 m = \  
0 '4 e '  

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

s r 
f 

\ 
\ 
\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 

e 
i- s 

i 

i 
i 
i 

! 

t 



! 

\ 
\ g  , g z  

\ 
\ 

0 ;\ 
; \  

0 
0 

\ I 

\ i 
\ 

i 
i 

\ 
\ 
\ 
\ I 

1 \ 
\ 
\ 

I \ 

I 

i 
I \ I 

\ i 

\ 

1 
\ 
\ 

\ 

i \ 
\ 

i \ 
\ 

i 
! 

\ 
\ 
\ 
\ 
\ 

i 



0 ;i' 

?= 
Y 
R 

0 
r 

/ -4 

0 
r-l 0 

/ 
0 

0 

m 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

I 

\ 
E! \ w  

Ea2 ' 3  
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 



F 
g s  



\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

7 e a  

\ 

\ %  
\ ! E  
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

B 
3 

0 

\ 
\ 
\ 
\ 
\ 
\ 
\ 

I I 

c 



\ \. . 

' 
0 

/ 
0 

0 
0 

i 0 
/ '+ / 

\ \  

\ 
I ' 
'? 

\ 

/ 
/ 

9 x u  

5 
QN 

\ 5 
F \  

\ 
\ Y z 
\ m 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ Y  
\ 3. 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

0 

2 

I 

I 



si- 

\ 
/ 

0 

s 
e 6  

\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 2p 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

b \ 
rzzi > /' f 

0 

\ 

b a \\% 

\ $ 
0 

5 

i 



'\' 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

B p: 
i 

9 
i 
\ B, 

\ 
\ 
\ 
\ 
\ 
\ 3b 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 3 

\ E &  

\ 
\ 
\ 
\ 

c=l 7 > 
/ /  A 

0 
0 

0 B 0 
0 

0 
0 ?! 

el= Y 
5 

s -  2 

0 s 

i 

! 
1 
i 
I 

I 
! 

I 

j /  

I :  
1 :  
. .  

I 1  
i I  
1 1  


